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VOYAGES, TRAVELS, GEOGRAPHY, AND 
TOPOGRAPHY. 

A JOURNEY THROUGH ALBANIA, and other Provinces of Tur- 
key in Europe and Asia, to Constantinople; in the years 1809 and 1810. 
By J. C. HOBHOUSE. 
In 2 vols. 8vo. with a 4to. vol. of plates. 

** These volumes are the work of a person very active and observant, ve- 
ry intelligent, and largely furnished with the pre-requisites for travelling in 
the classical regions." Eclectic Review. 

"The work will fully merit a stand and place in all collections of voyages 
and travels, by the industry and order of research conspicuous throughout, 
as well as by the spirit, vivacity, and good sense of the general narrative." 

Quarterly Review. 

"To every species of readers, these volumes will prove a most entertain- 
ing repast ; but to the scholar a bonne bouclie." Brit. Crit. June, 1815. 

" This classical narrative ofa very interesting journey, had reached a se- 
cond edition, before we had an opportunity of perusing the first ; and well 
merits the success which it has experienced." Gen. Mag. -May, 1814. 

" Every mark of authenticity and of diligent observation distinguishes 
these volumes. They are registers of unquestionable fidelity." 

Literary Panorama, Feb. 1814. 

" The narrative which he has produced bears unquestionable marks ofa 
curious, capacious and observant mind ; and the same may be said of the po- 
etical productions of his friend, Lord Byron, who accompanied him in his 
travels." British Review. 

RECOLLECTIONS of ITALY, ENGLAND and AMERICA, with Es- 
says on various subjects in Morals and Literature. 

By F. A. DE CHATEAUBRIAND, 

Author of" Travels in Greece and Palestine," "Beauties of Christianity," 
8«e. &.c. In 8\o. price 225 cents, in boards. 

"M. Chateaubriand's Recollections are full of the same fire and beauty 
that pervade his more finished performances." Lit. Pan. 

" We recognize in these recollections the elegant and romantic author of 
Aula; his fervid imagination and vivid descriptions. These recollections 
abound in sublime descriptions, picturesque imagery, and noble thoughts." 

Literary Register. 

A VOYAGE TO THE DEMERARY, containing a statistical account of 
the settlements there, and of those on the Essequibo, the Berbice, and other 
contiguous Rivers of Guyana. By HENRY BOLINGBROKE Esq. 

Id 8vo. Price 1 50 cents in boards. 
A 



2 PRINTED FOR M. CAREY &c SON, PHILADELPHIA. 

TRAVELS OF ALI BEY, IN MOHCOOO, TRIPOLI, CYPRUS 
EGYPT, ARABIA, SYRIA, AND TURKEY, between the yeas 80.5 
and 1807. Written by himself, and translated into English. In 2 vols. Svo. 
With a Map of the Northern Part of Africa, and eight other engravings. 
Price 5 dollars 50 cents in boards. 
%* Ali Bey has been long known to men of science in various parts of 
Europe. Travelling as a Mussulman and Prince, he has been enabled to 
give, among much curious matter, some new and interesting relations, which 
no Christian has ever bad the opportunity of doing. He hail the privilege 
of visiting the Temple of Mecca, and of Mashing and perfuming the Caaba, 
the most sacred office of the Mahometan religion. He has given a minute 
account of those ceremonies, and of the Weehabites, by whom he was taken 
prisoner, in his way to Medina : also, of the magnificent Temple built, by 
the Alussulmen on the site of that of Solomon, and which no Christian has 
been suffered to inspect. He describes some curious Antiquities of C\ hera, 
ldalia, and Paphos — and the Temple or Mosque of Job, in Constantinople, 
v. here the Sultan, at his accession, is girt with the sabre, and into which no 
Christian has been able to penetrate. The substance of these Travels has 
been read before the National Institute at Paris, and excited great inter- 
est there. 

LETTERS ON ENGLAND: Comprising descriptive scenes; with re- 
marks on the state of society, domestic economy, habits of the people, and 
condition of the manufacturing classes generally. Interspersed with mis- 
cellaneous observations and reflections. 

By JOSHUA E. WHITE, of Savannah. 
In 2 vols. Svo. Price 450 cents in boards. 

SCRIPTURE ATLAS, containing 10 4to. Maps, viz. 1. Journeyings of 
the Children of Israel from Rameses to the Land of Promise ; 2. Map of Ca- 
naan as promised to Abraham and his posterity ; 3. Map of Egypt ; 4. Map 
of the places recorded in the five Books of Moses ; 5. Map of Canaan in the 
time of Joshua; 6. Map of the purveyorships in the Reign of Solomon; 
7. Syria and Assyria ; 8 Map of the Dominions of Solomon ; 0. Map of the 
Land of Moriah, or Jerusalem and the adjacent country ; 10. Map of the 
Travels of the Apostles. Trice 150 cents half bound. 

AN ACCOUNT of a VOYAGE to ABYSSINIA, and TRAVELS in 
the INTERIOR of that COUNTRY, executed under the orders of the 
British government, in the years 1809 and 1810; in which arc- included an 
account of the PORTUGUESE SETTLEMENTS on the EASTERN 
COAST of AFRICA, visited in the course of the voyage ; a concise sum- 
mary of late occurrences in Arabia Felix; and some particulars respect- 
ing the Aboriginal African Tribes, extending from Mozambique to the 
borders of Egypt, together with vocabularies of their respective languages. 
By HENRY SALT, Esq. F. R. S. fcc, 
hi 1 vol. 8vo. with a Map of Abyssinia. 
Price 275 cents in boards. 

" Mr. Salt was already known to the public as the companion of I,ord 
Valentia, in his Eastern Travels, and this account of a new voyage to Abvs- 
sinia has exalted and established his reputation as a sensible traveller, an 
elegant writer, and an able draughtsman." jXTonthhi Mavazine. 

A TOUR THROUGH ITALY, exhibiting a view of its SCENERY, 
its ANTIQUITIES, and its MONUMENTS ; particularly as they are O IN- 
JECTS of CLASSICAL INTEREST and ELUCIDATION: with an ac- 
count of the present state of its Cities and Towns ; and occasional obser- 
vations on the recent spoliations of the French. 

By the Rev. JOHN CHETWODE EUSTACE. 
In 2 large vols. Svo. with 10 plates. Price 050 cents in boards. 

"Tliisis one of the best books of travels that has appeared since we be 
tan our labours." Ed. Rev. JYo. XLII.p. 37. 



VOYAGES, TRAVELS, GEOGRAPHY, &c. 3 

PERSONAL NARRATIVE of Travels to the EQUINOCTIAL HE. 

GIONS of the NEW CONTINENT between the vears 1799 -1804 Bv 

ALEXANDER DE HUMBOLDT, and AIME BONPLAND Written in 

French, By ALEXANDER DE HUMBOLDT. 

And translated into English by HELEN MARIA WILLIAMS. 

In 8vo. Price 250 cents in Boards. 
" We congratulate the present age on having produced a traveller, armed 
at all points, and completely accomplished tor the purpose of physical, 
moral, and political observation. In M. Di: Humboldt we have an astrono- 
mer, a physiologist, a botanist, one versed in statistics, and political econo- 
my ; a metaphysician, an antiquary, and a learned philologist — possessing 
at the same time the enlarged views, the spirit, and the tone of true phi- 
losophy. This assemblage of acquirements, so seldom found in the same 
individual, is in him accompanied with the most indefatigable activity ; with 
the zeal, the enterprise, and the vigour which are necessary to give them 
their full effect" Edinburgh Rev. J\'uv. 1814. 

TRAVELS in the INTERIOR of BRAZIL ; preceded by an account 
of a voyage to the Riode la Plata. By JOHN MAWE, 

Author of a Treatise on the Mineralogy of Derbyshire. In 1 vol. 8vo. illus- 
trated with plates, and a map. Price 3 dollars in boards. 

"Of the knowledge, sagacity, skill and experience of tins author as a 
mineralogist, we have before had the most honourable testimony, and this 
production cannot fail to add considerably to his reputation. It has also 
much of the recommendation of novelty, for the state of the mines of Bra- 
zil, and of the agriculture of the country, has hitherto been very imper- 
fectly known ; there is also perhaps in this volume, the most satisfactory 
account which we have hitherto bail, of the unfortunate expedition against 
Buenos Ayres, by Genera! Whitelocke, and the causes #f its failure are im- 
partially detailed, and perspicuously explained : altogether we consider the 
work as a valuable addition to our geographical collections, and more par- 
ticularly acceptable, as exhibiting what has not yet appeared in any En- 
glish publication, a scientific account of the diamond mines and diamond 
works' of this part of South America." British Critic, June, 1813. 

CAREY'S GENERAL ATLAS, improved. Being a collection of MAPS 
of the WORLD and QUARTERS, their Kingdoms, States, &c. contain- 
ing fifty-eight Maps, handsomely coloured. 1. The World ; 2. ditto. 
Meroator's projection ; 3. North America j 4. The British Possessions in 
America ; 5. The United States ; 6. Vermont ; 7. New-Hampshire ; 8. 
Maine; 9. Massachusetts; 10. Rhode-Island ; 11. Connecticut ; 12. New- 
York ; 13. New-Jersey; 14. Pennsylvania ; 15. Delaware ; 16. Maryland ; 
17. Virginia; 18. North-Carolina; 19. South-Carolina; 20. Georgia ; 21. 
Kentucky ; 22. Tennessee ; 23. The Mississippi Territory ; 24. Ohio ; 25. 
The North Western, Michigan, Illinois, and Indiana Territories ; 20. The 
-State of Louisiana; 27. The Missouri Territory; 28. Seven Ranges of Town- 
ships laid out by Congress; 29. Mexico ; 30. The West Indies; 31. The 
French part of St. Domingo; 32. South America ; 33. Caracas ; 34. Peru ; 
55. Chili and ihe vice-royalty of La Plata ; 30. Brazil ; 37. Europe ; 38. Swe- 
den, Denmark, and Norway ; 30. Russia ; 40. Scotland ; 41 . England and 
Wales ; 42. Ireland ; 43. United Provinces and Netherlands ; 44. Germany ; 
45. France, divided into Departments ; 46. Hungary and Turkey in Europe; 
47. Spain and Portugal ; 48. Italy ; 49. Switzerland"; 50. Poland ; 51. Asia ; 
52. China ; 53. Hindostan ; 54. Islands and Channels between China and New 
Holland; 55. New South Wales, with Norfolk Island, Lord Howe's Island, 
Port Jackson, &o. ; 56. Africa; 57. Countries round the North Pole ; 58. 
Captain Cook's Discoveries. 

In folio. Price 15 dollars, handsomely half bound. 



4 PRINTED FOR M. CAREY fc SON, PHILADELPHIA.. 
SKETCHES, HISTORICAL and DESCRIPTIVE, of LOUISIANA. 
By Major AMOS STODDARD, Member of the U. S. M. P. S. 

and ol" the New York Historical Society. 
In Svo. Price 3 dollars, in boards. 

"This volume is divided into fourteen chapters, comprehending the his- 
tory of Louisiana and the Floridas ; their geography* government, Jaws, 
commerce, and manufactures, learning- and religion. The character' of the 
Louisianians, the state of slavery amongst them, the antiquities, the rivers, 
and mineral riches of that country ; a description of the aborigines, and the 
arguments in favour of the conjecture that this country was settled by emi- 
gration from Wales, anterior to the discovery of Columbus, conclude the 
volume. 

" The style, although it assumes the character of humble narrative, is 
pure and chaste, and we cordially congratulate the author on the hardihood 
of character be has assumed, for such undoubtedly it is, in the present day, 
to be so unclassical as to write common sense. He shows himself to oe a 
master of the materials that he manages, and, while conversing with his 
page, we have found ourselves seated with him by the side of solitary riv- 
ers, plunging into the glooms of inextricable wildernesses, or climbing the 
heights of desart mountains, instead ol" forgetting all these and admiring the 
brilliancy of a paragraph. We wished to explore the regions of Louisia- 
na : and by the light of his lamp we have explored them." Port Folio. 

ATLAS MINIMUS, or a new set of POCKET MAPS of various 
EMPIRES, KINGDOMS, and STATES, with Geographical extracts 
relative to each. Drawn and Engraved by J. GIBSON. 
In 18mo. Price 1 dollar, half bound. 

CAREY'S AMERICAN POCKET ATLAS, containing 23 Maps, viz. 1. 
United States ; 2. Vermont; 3. New-Hampshire j 4. Maine ; 5. Massachu- 
setts; fi. Rhode-Island ; 7. Connecticut ; 8. New-York; 9. New-Jersey ; 10. 
Pennsylvania ; 11. Delaware ; 12. Ohio; 13. Maryland ; 14. Virginia ; 1:5. Ken- 
tucky ; lfi. North-Carolina ; 1". Tennessee ; IS. South-Carolina ; 10. Geor- 
gia ; '20. Mississippi Territory ; -1- Upper Territories of the United States-, 
22. Louisiana; 23. Missouri Territory. With a BRIEF DESCRIPTION 
of each STATE and TERRITORY. Also the Census of the Inhabitants 
of the United States for 1810, and the Exports for 20 years. 

4th. cdilion, greatly improved aud enlarged. Price 2 dollars, bound. 

" Much useful, geographical, and miscellaneous information it compressed 
into this pocket volume, and with the Maps it will be found a very convenient 
book for persons in general, and more particularly for those who/ire travel- 
ling in the Unued States. It is well printed, and the maps are neatly exe- 
cuted." American Hevievj and Literary Journal. 

THE AMERICAN MINOR ATLAS ; 4to. containing the same Maps 
as the preceding. Price 150 cents, half bound. 

THE STRANGER'S GUIDE through PHILADELPHIA, containing 
a PLAN of the CITY, with an alphabetical list of all the Squares, Streets, 
Roads, Lanes, Alleys, A\enues, Courts, Ship-Yards, Public Buddings Sec in 
the City and Suburbs. By JOHN ADEMS PAXTON. 

In 12mo. Price 150 cents, handsomely half bound. 

TRAVELS THROUGH THE CAN AD AS, containing a description of 
the picturesque scenery of some of the Rivers and Lakes, with an account 
of the Productions, Commerce and Inhabitants of those Provinces. 
BY GEORGE HERIOT, ESQ. 
In 12mo. Price 1 dollar, in boards. 
." Altogether we deem it one of the most curious publications that has of 
appeared." Monthly Matr, 



HISTORY AND BIOGRAPHY. 
A JOURNEY through PERSIA, ARMENIA ami ASIA MINOR, to 
CONSTANTINOPLE, in the years 1808 and 1809, in which is included 
some account of the proceedings'of HIS MAJESTY'S MISSION under 
SIR HARFORD JONES, Bart. K. C. to the Court of the King of Persia. 
By JAMES MOR1ER, 
His Majesty's Secretary of Embassy to the Court of Persia. 
In 1 vol. 8vo. with plates, and a Map. 
Price 3 dollars in boards. 

A GENERAL ATLAS, being a collection of MAPS of the WORLD and 
QUARTERS, their principal Empires, Kingdoms, &tc. Containing 52 
Maps and Charts, viz. 1. The World ; 2. ditto Mercatpr's projection ; 3. 
North America; 4. United States; 5. Eastern States, with part of Canada; 
G. Middle and Western States ; 7. Southern States ; 8. North Western 
Territories; 9. Vermont ; 10. New-Hampshire ; 11. Maine; 12. Massachu- 
setts ; 13. Rhode-Island ; 14. Connecticut ; 15. New-York ; 1G. New-Jersey ; 
17. Pennsylvania.; 18. Delaware; 19. Maryland ; 20. Virginia ; 21. North- 
Carolina ; 22. South-Carolina ; 23. Georgia ; 24. Kentucky ; 25. Tennessee ; 
2G. Mississippi Territory ; 27. Ohio ; 28. Louisiana ; 2ft. Missouri Territo- 
ry ; 30. West Indies ; 31. South America ; 32. Europe; 33. Russia, North- 
ern Part ; 34. Southern do ; 35. Sweden, Denmark, Norway ; 36. Poland ; 
37. Scotland ; 38. England and Wales ; 39. Ireland ; 40. Netherlands ; 41. 
United Provinces ; 42. Germany ; 43. France ; 44. Switzerland ; 45. Italy ; 
46. Spain and Portugal; 47. Turkey in Europe ; 48. Asia ; 49. Ilindos- 
tan ; 50. Turkey in Asia ; 51. Islands between China aad New Holland ; 
52. Africa. In 4to. Price 5 dollars, half bound. 

The TRAVELLER'S DIRECTORY ; or, A POCKET COMPANION. 
Shewing the course of the Main Road from Philadelphia to New York, and 
from Philadelphia to Washington, with descriptions of the places through 
which it passes, and the intersections of the cross roads. Illustrated with an 
account of such remarkable objects as are generally interesting to travellers. 
From actual survey. By S. S. MOORE and t. W. JONES. 
Second Edition. In 8vo. Price 2 dollars, bound. 

" The design and contents of this volume are fully expressed in the title 
page. The work is handsomely, and we believe, correctly executed. Every 
traveller on those roads will find it a useful and instructive companion. The 
plan of this directory is so judicious, that we hope the authors may find it 
for their interest to extend it to other parts of the United States. 

Amer. Rev. and Lit. Jour. 

PARIS RE-VISITED IN 1815, by war of Brussels — including a walk 
over the field of Waterloo. By JOHN SCOTT, author of " A Visit to 
Paris in 1814." 

In 12mo. price one dollar in boards. 

SHEET MAPS of EUROPE, ASIA, AFRICA, and the Kingdoms into 
which they are divided. 

Price 50 cents each, coloured. 
SHEET MAPS of the UNITED STATES, and of all the STATES and 
TERRITORIES ; SOUTH AMERICA, Brazil, Chili, Peru, Caracas, bee. 
Price 75 cents each, coloured. 

HISTORY AND BIOGRAPHY. 

MEMOIRS OF THE MARCHIONESS DE LAROCHE JAQUE- 
LINE. In 8vo. With a Map of the Theatre of War in La Vendee. 
Price 250 cents in boards. 

« We think there are few recent productions of the French press likely to 
afford so much gratification to English readers." Edinburgh Rev. Feb. 1816- 



PRINTED FOR M. CAREY & SON, PHILADELPHIA. 

HISTORY OF THE UNITED STATES, from the first settlement as 
English Colonics, in 1G07, to the year 1808, or the thirty-third year of their 
Sovereignty and Independence. ' Bv DAVID RAMSAY, M. D. 
Continued to the Treaty ot Ghent, by SAMUEL STANHOPE SMITH, 
D. D. L. L. D. and other literary gentlemen. 

In 3 vols. 8vo. price 10 dollars, hound. 

" We have not transcribed this title page with a view to give at present, a 
detail of what the volume contains. Every body is acquainted with the un- 
fortunate event which terminated at once the life and the historical career 
• if Dr. Ramsay; and our design in this notice is merely to contribute our 
uiie towards making it as generally-known, that his history of the United 
States is now in the course of publication, and forms almost the only legacy 
>hnt was left by the author to a family of no less than eight children. 

" The present volume (first) is introduced with a Biography, (extracted 
our Journal) and its other contents are the civil history of the United 
States, while thev were yet Colonies. We hope there is no necessity of ap- 
pealing to the patriotism" of our countrymen, in behalf of the only systematic 
history which has ever been written of the American Republic. We would 
not be understood to recommend any book solely on this account ; but the 
powers of Dr. Ramsay are sufficiently known, and we think the circum- 
stances under which his history is published, should form a part of the mo- 
tives for encouraging the work " Ana. Mag. Jan,. 1817. 

LIFE OF GEN. FRANCIS MARION, a Celebrated Partizan Officer, 
in the Revolutionary War, in South Carolina and (.eorgia. 

By the Rev. M. L. WEEMS, 
Author of the " Life of Washington." Fourth edition, with engravings. 
In l'2mo. Price 1 dollar, bound. 

THE LIFE OF DR. BENJAMIN FRANKLIN. Written chiefly by 
himself; with a collection of his Essays, humorous, moral, and literary. A 
new edition, revised and enlarged, By the Rev. M. L. WEEMS, 

Author of " Life of Marion," and "Life of Washington." 
In 12mo. Pricel dollar, bound. 

DR. RUSSEL'S HISTORY OF MODERN EUROPE, continued down 
to the Treaty of Amiens in 1802. 

By CHARLES COOTE, L. L. D. 

The large annual impressions, which for more than thirty years were cal- 
led for to supply the demand for this excellent Work in England, may be 
considered conclusive evidence of its merits in the public estimation. During 
the author's life time, each succeeding edition was improved by himself: — 
he lived to make it a perfect Compendium of Modern History, and has left 
it an honourable monument of his fame and talents. 

This work contains A Brief View of the Decline and Fall of the Roman 
Empire. The Rise of Modern Kingdoms generally. A particular History of 
the French Monarchy. A particular History of Spain from the Dominion of 
the Visigoths. Italy, with the rise and progress of the Temporal power of the 
Popes. Britain — from its relinquishment by the Romans. Ireland. The 
German Empire — from Charlemagne. The Empire of Constantinople — till 
its overthrow. Empire of the Arabs. Rise and progress of the Turks, and 
fall of the Greek Empire. History of Portugal. View of the Progress of Navi- 
gation. Conquests in the East and West Indies. Discovery of America, &c. 
History of Sweden, Denmark, Norway, Russia, Poland, and Prussia. North 
America — as connected with European History. The rise, progress, and ter- 
mination of the Revolutionary War of this Country. The progress and im- 
mense aggrandizement of the British power in India. The Wars of the 
French Revolution till the Treaty of Amiens. A very comprehensive and 
highly useful Chronology. 

Third American edition. In 5 vols. 8vo. Price 15 dollars, Bound. 



MISCELLANEOUS. 7 

AMERICAN CHRONOLOGY, from the DISCOVERY of the WES- 
TERN WOULD till May, 1813. By THOMAS CLARK, Author 
of Naval History of the United States. In 2imo. Price 25 cents, in 
boards. 

MEMOIRS kc. of GENERAL MOREAU, with a fac-simile of Lis 
last letter to Ms wife, and an engraved plan of the passage of the Rhine 
at Strasbourg. By JOHN PHILIPPART, Esq. 

author of " Memoirs of Bernadotte," &c. &c. In 8vo. Price 2 dollars, in 
boards. 

" Every event, connected with the public and private life of General Mo- 
reau, the author has drawn together, and embodied with the utmost fidelity 
and circumspection." Eur. Mag. March; 1814. 

NAVAL HISTORY of the UNITED STATES, from the commence- 
ment of the REVOLUTIONARY WAR. By THOMAS CLARK. 
2nd. edition. In 2 vols. 12mo. Price 2 dollars, in boards. 

The DECLINE and FALL of the ROMAN EMPIRE. 
By EDWARD GIBBON. 
Second American Edition. In 8 volumes, 8vo. 
Price 25 dollars bound. 

MISCELLANEOUS. 

ELEMENTS OP CRITICISM. By HENRY HOME, of Kames. 

In 2 vols. 8vo. Price 550 cents, bound. 

PARIS CHIT CHAT; or a View of the Society, Manners, Customs, 
Literature and Amusements of the Parisians. Being a translation of " Guil- 
laume, Le Franc Parleur," and a sequel to the " Paris Spectator." 
In 2 vols. 18mo. Price 175 cents in boards. 

THE PARIS SPECTATOR ; or, L'HERMITE DE LA CHAUSSEE 
D'ANTIN. Containing Observations upon PARISIAN MANNERS and 
CUSTOMS at the Commencement of the Nineteenth Century. Translated 
irom the French, By WILLIAM JERDAN. 

In 3 vols. 18mo. Price 225 cents, in Boards. 

THE COLONIAL POLICY OF GREAT BitlTAIX, considered with 
relation to her worth American provinces, and West India Possessions ; 
wherein the dangerous tendency of American competition is attempted 
to be developed, and the necessity of re-commencing a Colonial System on a 
vigorous and extensive scale, exhibited and defended : with plans for the pro- 
motion ei" Emigration, and STRICTURES on the TREATY of GHENT. 
By a British Traveller. 
In 12mo. Price one dollar in boards. 

%* The a'arming views of the relations, present and future, between the 
United States and Great Britain, which are developed in this work, have im- 
pressed tiie American publisher with the idea that it could not fail to be useful 
to re -print and disseminate it here. It merits the most serious attention of the 
legislators and politicians of this nation. Should the policy it advocates be 
unfortunately adopted by Great Britain, there will be an imperious necessity 
for measures of counteraction. 

The CONGRESS OF VIENNA. By the ABBE DE PRADT, au- 
thor of the " History of the Mission to Warsaw," 6cc. 8cc Translated 
from the French. 

In 8vo. Price 150 cents in boards. 

* # * To those who would look into futurity, and see the probable results of 
the Congress of Vienna, the recent work of M. De Pradt will be an acceptable 
wand. It will enable the inquisitive politician to judge, with some reasonable 
accuracy, whether the present condition of Eta-ope be settled, on a peace, or a. 
war establishment. 
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RULES AND REGULATIONS for the SWORD EXERCISE of the 
CAVALRY. By JOHN HEWES. 

With 28 plates. In Svo. Price 250 cents, bound. 

An INQUIRY concerning the RISE and PROGRESS, the REDEMP- 
TION 1 and PRESENT STATE, and the MANAGEMENT of the NA- 
TIONAL DEBT of GREAT BRITAIN. 

By ROBERT HAMILTON, \>. L. D. F. R. S J3. 

From the 2d London Edition. 
In 8vo. Price 175 cents in boards. 

" Dr. Hamilton has performed a most important service to his country, hy 
directing the public attention to just views of this interesting subject. 

■ " We have now stated the principal doctrines of this interesting publication. 
They are widely different from the opinions which have been hitherto preva- 
lent, and which are sanctioned by the authority of great names : but they are 
supported by arguments which appear so convincing, and they lead to practi- 
cal conclusions of such importance, that we trust they will be patiently and 
thoroughly canvassed; and wc have no apprehension that the result will be 
Unfavorable either to the author or his reviewer. While he condescends to in- 
struct the young student in the first principles of this important subject, he 
opens views which deserve the attention of the most experienced statesman. 

Edinburgh Review. 

INSTRUCTIONS FOR THE DRILL, and the method of performing 
the Nineteen Manoeuvres. By Lieut. JOHN RUSSELL. 

With 33 plates. In 12mo. Price 125 ents, in boards. 

AN ACADEMY FOR GROWN HORSEMEN. Containing the com- 
pletest Instructions for Walking, Trotting, Cantering, Galloping, Stum- 
bling, and Tumbling. By GEOFFREY GAMBADO, Esq. 
Riding Master, Master of the Horse, and Grand Equerry to the Doge of 
Venice. 

Embellished with 12 Caricatures, from designs by Bunbury. In 12mo. 
Price 75 cents, in boards. 

" To turn and wind a fiery Pegasus, 

" And witch the world with noble Horsemanship." 

" With great delight do we hail this satisfactory republication of a work 
originally published before our critical existence, but always the source of 
hearty merriment and gratification to us. The singular and truly original 
humour of the writing, and the unrivalled burlesque of the plates, have al- 
ways made these books prime favourites, with all who had any relish for 
harmless wit and satire, by which no individual is hurt. Brit. Crit. 

THE OLIVE BRANCH ; or, FAULTS ON BOTH SIDES, FED- 
ERAL. v.id DEMOCRATIC. A serious Appeal on the Necessity of mu- 
tual Forgiveness and Harmony. By M. CAREY. 
Seventh edition, enlarged. In 8vo. Price 275 cents, handsomely bound. 

THE CRIMINAL RECORDER; or, an AWFUL BEACON to the 
RISING GENERATION of both Sexes, erected by the arm of Justice to 
persuade them from the dreadful Miseries of Guilt. Collected from au- 
thentic documents, By A FRIEND OP MAN. With G Engravings. 
In 12mo. Price 1 dollar, bound. 

THE HOUSE CARPENTER'S BOOK of PRICES, and Rules forMea- 
suring and Valuing all their different kinds of work. 

In 12mo. Pi >.e 75 cents, half bound. 

THE IMMORTAL MENTOR ; or, MAN'S UNERRING GUIDE to 
a Healthy, Wealthy and Happy life. In 3 parts. 

By 'LEWIS CORNARO, Dr. FRANKLIN, and Dr. SCOTT. 



LAW. 9 

THE AMERICAN MISCELLANY. Prose and verse. Original and 
Selected. In 2 vols, 12mo. Price 2 dollars, bound. 

. A SENTIMENTAL JOURNEY through France and Italy. 
By LAWRENCE STERNE. 
With 6 Engravings. Li 18mo. Price 63 cents, bound. 

FARRIERY IMPROVED ; or, a complete Treatise on the ART OF 
FARRIERY. Wherein are fully explained the Nature and Structure of 
that useful creature, a Horse ; with the Diseases and accidents he is liable 
to ; and the methods of cure. Exemplified by 10 elegant cuts, each the 
full figure of a Horse. Describing all tbe various parts of that noble an- 
imal. By HENRY BRACKEN M. D. 

In ISmo. Price 50 cents, half bound. 

REGULATIONS for tbe ORDER and DISCIPLINE of the TROOPS 
of the UNITED STATES. By BARON STEUBEN. 

With plates. Price 50 cents, half bound. 

VOYAGES to L1LLIPUT and BROBDINGNAG. 
By LEMUEL GULLIVER. 

In 18mo. with plates. Price 63 cents, half bound. 

THE MORAL MIRROR ; or, a LOOKING GLASS for Sots, Parasites, 
Gluttons, Clowns, Praters, Time-Servers, Pretenders, Knaves, Knights of 
the post, Atheists, Zealots, Hypocrites, &c. &c. selected from tbe "Char- 
acters," by BUTLER. Author of Hudibras. In 24mo. Price 50 cents, 
half bound. 

LAW. 

REPORTS OF CASES argued and adjudged in the Supreme Court of 
the United States. February Term, 181/i. 

By HENRY WHEATON, 

Counsellor at Law. Vol. I. In 8vo. Price 7 dollars, bound in calf. 
%* This volume contains, besides concise and faithful notes of the arguments 
of counsel, annotations on the cases reported, illustrating tbe decisions by 
analagous authorities, and tbe former decisions of the Supreme Court; and 
a copious Appendix, embracing a view of tbe Land Laws of Kentucky ; of 
the Practical Prize Causes, and the Judicial History of the Rule of the War 
of 1756. It comprises a variety of Decisions in Chancery, Prize and Com- 
mercial Law — and the Local Laws of the different States of the Union, 8cc. 

AN ESS VY ON AVERAGE, and other subjects connected with the 
contract of Marine Insurance. 

By ROBERT STEVENS, of Lloyd's. 
First American, from the 2d London edition. In Svo. Price 250 cents, 
bound. 

THE CLERKS' MAGAZINE and AMERICAN CONVEYANCER'S 
ASSISTANT ; being a collection adapted to the United States, of the most 
approved Precedents of Affidavits, Agreements, Covenants, Assignments, 
Awards, Bargains and Sales, Bonds, &c. k.c. containing nearly double the 
number of such Precedents, usually inserted in similar publications. 

By HARRY TOULMIN, Secretary of tbe State of Kentucky. 
In 12mo. Price 1 dollar, bound. 

PRECEDENTS in the OFFICE of a JUSTICE of the PEACE. 
By COLLTNSON READ, Esq. 
Foolscap 4to. Price 1 dollar, half bound. 
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DIVINITY. 

QUARTO BIBLES. 

No. Coarse Paper, not lettered. 

1. Old and New Testaments, - - . - $ 3 75 

2. and Psalms - - - 4 00 

8. ' and Apocrypha - - 4 25 

*• Apocrypha and Psalms - . 4 50 

Coarse Paper, lettered and filleted. 

38. Old and New Testaments, and Apocrypha - . 4 50 

5. — Apocrypha and 11 Plates, - 5 00 

6. — Apocrypha and 25 Plates - 5 50 

7. — Apocrypha, 11 Plates, and Psalms 5 25 

*5. — Apocrypha and Concordance - 5 25 

16. ' — and Concordance - • 4 "5 
19- - — Apocrypha, Concordance, 25 Plates, ~> „ „.. 

and Ostervald's Notes 5 ' W 

32. ' Apocrypha and Psalms - 4 75 

33. Apocrypha, Concordance, and 25 Plates, 6 25 

Common Paper filleted. 

48. Old and New Testaments, - - - 4 25 

49- and Apocrypha - - 4 75 

Common Paper, lettered and filleted. 

18. Old and New Testaments, - - . . 4 50 

17. ■ Apocrypha, Concordance, 25 Maps and 

Plates. - - 7 50 

25 - ' Apocrypha, Concordance, and 2 Maps 6 00 

26. and Apocrypha - 5 00 

27. — Apocrypha, Concordance, and 10 Maps 7 00 

•**■ ■— — — — ■ Apocrypha, Concordance, 10 Maps, and 

Psalms 7 25 

*4 ; — Apocrypha, and 11 Plates - 5 50 

45. Apocrypha, 11 Plates and Psalms 5 75 

* 6 - Apocrypha, and 25 Plates - 6 25 

*?• Apocrypha, 25 Plates and Psalms 6 50 

Fine Paper. 

8. Old and New Testaments, . 6 00 

9- and Apocrypha - - 6 50 

*°- Apocrypha, Concordance, and 2 Maps 7 50 

"■ —-J_ " Apocrypha, Concordance, and 10 Maps 8 00 

*2- ■ — Apocrypha, Concordance, and 25 Plates 8 50 

33 - """■ — — Apocrypha, Concordance, 25 Plates and 

Psalms - . 8 75 

14. — __ Apocrypha, Concordance, 25 Maps ~> 

and Plates, and Ostervald's Notes 5 9 50 

28. 1 — , _ Apocrypha, Concordance, 2 Maps, and 

Psalms - . 7 75 

29- — \ ■ Apocrypha, and Psalms 4 C 75 

Superfine Paper, bound in sheep. 

21. Old and New Testaments, Apocrypha, Concordance, 25 Plates & 

Psalms . . . 10 25 

20. Apocrypha, Concordance, 25 Maps ~) 

and Plates, and Ostervald's Not s S 

22. _— __ — Apocrypha, Concordance, and 25 Plates 10 00 
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30. Old and New Testaments, Apocrypha, Concordance, and 10 Maps 9 25 
SI. 1 Apocrypha, Concordance, lOMaps and 

Psalms - - - 9 50 

35. and Apocrypha - 8 00 

40. Apocrypha, Concordance, and 70 Plates 12 50 

50. Apocrypha, Concordance, and 100 Plates 16 00 

Superfine Paper, bound in Calf and Morocco. 

23. Old and New Testaments, Apocrypha, Concor. and 25 plates, 

plain calf - - - 11 50 

24. — ■ Morocco, gilt 13 00 

39. ; calf extra 13 00 

41. Apocrypha, Concordance, and 70 plates, 

Morocco gilt - - 15 00 

42. calf extra 1 5 00 

43. calf extra, gilt edges 18 00 

51. Apocrypha, Concordance, and 100 Plates, calf, 17 00 

52. calf extra, 18 00 

53. Morocco, gilt, 18 00 

54. Morocco, gilt, and gilt edges, 20 00 

SCHOOL BIBLES 12mo. Coarse Paper. 1 00 

per doz . - 9 00 

with Psalms - - 1 13 

per doz, - - 9 50 



— — Fine paper, lettered - - 1 25 

TESTAMENTS. Course paper. - - - 38 

per doz. - - 3 50 



' Fine paper ... 50 

SERMONS, by the late WALTER BLAKE K1KWAN, Dean of Kil- 
lala. With a sketch of his Life. In Svo. Price 175 cents, boards. 

" Dr. Ki-rwan called forth the latent virtues of the human heart, and taught 
men to discover in themselves a mine of charity, of which the proprietors 
had been unconscious. He came to interrupt the repose of the pulpit, and 
shakes one world with the thunder of the other. The preacher's desk be- 
comes the throne of light." Mr. Grattan , s Speech, June 19, 1792 

" Mr Kirwan's powers of eloquence exceed any previous examples which 
are to be found in our language." Monthly Review. 

The SECOND JOURNAL of the Stated Preacher to the Hospital and 
Alms-house in the City of New York, for a part of the year of our Lord, 
1813. With an appendix. In 12mo. Price 1 dollar, in boards. 

" Benevolence from its nature, composes the mind, warms the heart, en- 
livens the whole frame, and lightens every feature of the countenance." 

Fir. Reid. 

" This Journal is continued only half a year, but in the same style of 
pious simplicity as the former volume. The appendix is rendered highly 
interesting, by its containing the history of an actress and the sequel to the 
remarkable story of the mysterious Caroline, contained in the former Jour- 
nal, and which its readers cannot have forgotten. The volume is, however, 
on the whole, calculated to excite strong interest in the minds of the friends 
of religion and humanity. Eclectic Review, July 1816. 

SERMONS TO YOUNG WOMEN. 2 vols, in one. 
By JAMES FORDYCE, D. D. 
In 12mo. Price, 1 dollar, bound. 
L'ANGE CONDUCTEUR dans la devotion chretienne, reduite CJ> 
pratique en faveur des Ames Devotes ; Par JAQUES GORET. 
5n 18mo, Price 113 cents, bound. 
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The G \RDEN OF THE SOT 1 !, ; or, a manual of Spiritual Exercises 
and instructions for Christians, who living in the world, aspire to devotion. 
To which is added, Vespers for Sundays. 

By RICHARD CH ALLENOR, D. D. 
4th American edition, improved. 18mo. Price on common paper, 75 cents ; 
on fine paper, lettered, 1 dollar. 

The VADE ME CUM ; or, Manual of select and necessary devotions. 
In 32mo. Price on coarse paper, 31 cents ; on fine paper, with cuts, lettered, 
50 cents. 

JOURNEEDU CHRETIEN, Sanetifice par la priere et la Meditation. 
Nouvelle edition, en Latin et en Francois augmentee de plusieres prieres. 
In 18mo. Price'"5 cents, bound. 

NINE SERMONS, on the Nature of the Evidence by which the fact of 
our Lord's Resurrection is established ; and on various other subjects. To 
which is prefixed, a Dissertation on the Prophecies of the Messiah dispersed 
anions; the Heathen. . ; 

By SAMUEL HORSLEY, L.L.D. F.R.S. E.A.S. Late Lord Bishop of 
St. Asaph. In 8vo. Price 150 cents in boards. 

" Every fragment of this prelate is precious ; and though posthumous 
works in general require much indulgence, none of the writings ot Bishop 
Horsley can fail to give delight to those who have a relish for original ar- 
guments on important subjects. The pi'eliminary dissertation on the pro- 
phecies of the Messiah dispersed among the heathen, exhibits the power 
of the Bishop's mind in a very striking manner, an uncommon mass of 
various learning being brought to illustrate an inquiry of high interest — 
On the Svbilline oracles he" lays some stress, as containing a collection 
of traditionary predictions concerning a deliverer to come, who should 
alter the condition of the human race. • From whence these and oth- 
er notices of a similar kind, scattered over the east, could arise, is satis- 
factorily shown bv an investigation of the patriarchal history, and the pro- 
phecies delivered by Job and Balaam, all pointing clearly to the promised 
Redeemer. Of the' nine sermons which follow, the four first, on the Resur- 
rection, are the most laboured in closeness of reasoning and elevation ol lan- 
guage. The last of these is particularly excellent, and shows that the 
risen body of our Lord had undergone that transformation from corruption, 
which will be the case of believers at bis second coming. The remaining 
five sermons are on the Divinity of Christ, the Atonement, the Distinctions 
of the Blessed in the Future Life, and the testimony of the Holy Spirit in 
sealing the Truth of the Gospel by miraculous operations, and in carrying 
on his work in the minds of'those who are called to the profession of it, by 
enabling them to bring forth the fruits of righteonsr.ess. 

Analcctic Magazine, November, 181 5. 

An ABRIDGMENT of the CHRISTIAN DOCTRINE, 

By BISHOP HAY. In 18mo. Price 31 cents, bound. 

TT [INK WELL ON'T ; or, reflections on the Great Truths of the Chris- 
tian Religion. For every day in the month. 

By RICHARD CHA1 LE\ T OR, D. D. 
34th edition, In 18mo. Price 31 cents, hound. 
The PIOUS CHRISTIAN INSTRUCTED, in the nature and practice 
*jf the principal exercises of Piety used in the Catholic Church. 
By BISHOP HAY. 
In 12mo. Price, 1 dollar, bound. 
PETITES ETRENNES SPIRITUELLES, Contenant les prieres et 
offices, etla Messe, Latin — Francois. A L'usage universel. 
In 32mo. with cuts, Price 44 cents, bound. 
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the DOW AY TESTAMENT. In ito. with 11 plates. Priee, 4 del- 
lars, bound. 

EXERCICIO QUOTIDIANO, Oracioncs y devotiones para antes y 
despues de la Confesion, y Sagrada Comunion. 

In 24mo. Price 63 cents, bound. 

MEDICINE, SURGERY AND CHEMISTRY. 

LECTURES ON THE ELEMENTS OF CHEMISTRY, delivered 
in the University of Edinburgh. By the late JOHN BLACK, M. D. 
Professor of Chemistry in that University, Physician to his Majesty, for 
Scotland, &c. &c. Published from his manuscripts, by JOHN ROBIN- 
SON, L. L. D. Professor of Natural Philosophy in the University of Edin- 
burgh. In 3 vols. 8vo. with plates. Price 8 dollars, bound. 

A DICTIONARY OF PRACTICAL SURGERY, containing a com- 
plete exhibition of the present state of the PRINCIPLES and PRACTICE 
OF SURGERY, collected from the best and most original sources of in- 
formation, and illustrated by Critical Remarks, By SAMUEL COOPER, 
Member of the Royal College of Surgeons, and author of the " First Lines 
of the Practice of Surgery." With notes and additions, 
By JOHN SYNG DORSEY, M. D. 
Adjunct professor of Surgery in the University of Pennsylvania. 

Second American edition. In 2 vols. 8vo. Price 7 dollars, bound. 
MEDICAL INQUIRIES and OBSERVATIONS, 

By BENJAMIN RUSH, M. D. 

4*h edition, In 2 vols. 8vo. Price 6 dollars, bound. 

THE STUDENTS' CHEMICAL POCKET COMPANION. 

By WILLIAM S. JACOBS, M. D. 

In 12mo. Price 88 cents, bound. 

POETRY. 

THE FOREST MINSTREL. By JAMES HOGG, Author of 

" The Queen's Wake," " Pilgrims of the Sun," &c. &e. In 18mo. Price 
88 cents, boards. 

MARGARET OF AN.TOU. A Poem. By MISS HOLFORD, Author 
of " Wallace ; or, the Fight of Falkirk." In 18mo. Price 1 dollar, 
boards. 

EMILIA OF LTNDINAU ; or, the FIELD OF LEIPSIC. A Poem, 
in four cantos. 

By MARY ARNALD HOUGHTON. 

The DANCE of DEATH, and other Poems. By WALTER SCOTT, , 
Esq. In 24mo. Price 3S cents in boards. 

BALLAD ROMANCES, and other POEMS. 
By Miss ANNA MARIA PORTER, 
Author of " Recluse of Norway," Hungarian Brothers," &c. &c. 
In 18mo. price 75 cents in boards. 
" We are much mistaken if Miss Porter's Readers do not agree with us, 
in commending her muse." Eicr. Mag. 

"This very pleasing little volume is strongly recommended by the easy 
simplicity of its verses, and their perfectly moral tendency. 

Gen. Mag. 

THE PASTORAL ; or, LYRIC MUSE OF SCOTLAND. A Poem 
by HECTOR MACNEJLL, Esq. 24mo. Price 38 cents, in boards. 
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Vol III. of COWPER'S POEMS ; containing his Posdiumou Poetry, 
and a Sketch of his Life. By his kinsman, JOHN JOHNSON, L. L. D. 

Rector of Yaxham with Welhovirne in Norfolk. 

His virtues formed the magic of his -song. Cotvper's Epitaph. 
In 2imo. Price 1 dollar, in Boards. 

The MISSIONARY ; a Poem. By W. L. BOWLES. 

In 18mo. Price 75 cents, in Boards. 

" Absolutely, this is one of the sweetest little poems that we remember to 
have lately perused." 

" The story is founded on the defeat of a Spanish general, and the de- 
struction of his army in Chili, in the early part of the sixteenth century, by 
the hardy and never thoroughly-subdued inhabitants of that wild and seques- 
tered region." Vrit. Jiev. «iug- 1815. 

CHILDE ALARIQUE, or, A POET'S REVERIE. In 24mo. Price 38 
cents, in boards. 

FABLES FOR THE LADIES. By EDWARD MOORE. To which 
are added, seven select fables, by other authors. In ISmo. Price 38 cents. 

POEMS ; original and translated. By RICHARD DABNEY. In 24mo. 
Price 63 cents, in boards. 

" It possesses real merit, and will experience, as we natter ourselves, a 
reception from the public different from that which usually awaits the pro- 
ductions of the American-muse. It is a pleasing little morsel, skilfully pre- 
pared by the hand of genius, and delicately seasoned by learning and tasle, 
and will not fail to gratify the palates of those whose chief delight is in the 
" feast of the mind." Port Folio, July, 1815. 

THE PARNASSIAN GARLAND, or BEAUTDZS of MODERN 
POETRY ; consisting of upwards of two hundred pieces, selected from the 
works of the most distinguished Poets of the present age. With introduc- 
tory lines to each article. Designed for the use of schools, and the admirers 
of poetry in general. By JOHN EVANS, A. M. In 18mo. Price 88 cents 
in boards. 

THE HIGHLANDERS and other POEMS. By Mrs. GRANT of 
Laggan. In 18mo. Price 50 cents, in boards. 

"There is a strain of simplicity and unaffected feeling in these poems, 
which will give them a permanent interest. They are much to be recom- 
mended." "" Month. Mag. 

MASONIC SONG BOOK, containing a large Collection of the most ap- 
proved Masonic Songs, Odes, Anthems, kc With 3 engravings". In 12mo. 
Price 88 cents, in boards 

TALES OF TERROR. With 3 Caricature plates. In 12mo. Price 88 
cents, in boards. 

" This is really a happy piece of humour." Brit. Vrit. 

MINSTRELSY of the SCOTTISH BORDER ; consisting of Histori< al 
and Romantic Ballads, collected in the Southern Counties of Scotland, with 
a few of Modern Date founded upon local tradition. 
By WALTER SCOTT, Esq. 
In 24mo. Price 1 dollar, in boards. 

YOUNG'S POETICAL WORKS, Complete. With plates. In 2 vols- 
24mo. Price 2 dollars, in boards. 

CABINET OF MOMUS ; a choice selection of HUMOUROUS PO- 
EMS, from Pindar, Dibdin, Colman, Freneau, Penrose, Hopki-.son, Ladd, 
Humphreys, Harrison, Swift, Taylor, Pitt, &c. fite. Embellished with 6 en- 
gravings. In 12mo. Price 80 cents, bound. 
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YOUNG'S NIGHT THOUGHTS. In 24mo. with plates. Price 1 do!- 
lar, in boards. 

NOVELS, &c. 

GERALDINE FAtTCONBERG. A Novel in 2 vols. 
By Miss BURNEY, Author of "Traits of Nature," "Tales of Fancy," 
&c. &e. 

EMMA. A Novel. By the author of " Sense and Sensibility," " Pride 
and Prejudice," &c. 

" The work before us proclaims a knowledge of the human heart, with the 
power and resolution to bring that knowldege to the service of honour and 
virtue. Keeping close to common incidents, and to such characters as occupy 
the ordinary walks of life, she has produced sketches of such spirit and origi- 
nality, that we never miss the excitation which depends upon a narrative of 
uncommon eTents, arising from the consideration of minds, manners, and 
sentiments, greatly above our own." Quarterly Review. 

" If this Nov, 1 can scarcely be termed a composition, because it contains 
but one ingredient, that one is, however, of sterling worth ; being a strain of 
genuine natural humour, such as is seldom found with the complete purity 
of images and ideas which is here conspicuous." Monthly Review. 

VATHEK. Translated from the Original French. With Notes. From 
the third London edition, revised and corrected. 

In 18mo. Price 88 cents, hoards. 

" For correctness of costume, beauty of description, and power of ima- 
gination, that most eastern and sublime tale, the Caliph Vaihek, far surpas- 
ses all European imitations ; and bears such marks of originality, that those 
•who have visited the East will find some difficulty in believing it to be more 
than a translation. As an eastern tale, even Rasselas must bow before it ; 
his Happy Valley will not bear a comparisou with the Hall of Eblis." 

Lord Byron — Notes to the " Giaour" last edition. 

GULZARA, PRINCESS of PERSIA; or, the VIRGIN QUEEN. 
A Satirical Novel. 

In 12mo. Price one dollar in boards. 

This Edition is provided with a key, explaining the persons and places 
alluded to. 

MONTE VIDEO ; or the OFFICER'S WIFE and her SISTER. A 
Novel. By Mrs. BR DGET BLUEMANTLE. 

In 2 vols. 12mo. Price 2 dollars in boards. 

VARIETIES OK LIFE ; or CONDUCT AND CONSEQUENCES. A 

Novel in 2 vols. By the Author of " Sketches of Character." Price 2 dol- 
lars, in boards. 

" If I give speeches and conversations, I ought to give them justly ; for 
the humours and characters of persons cannot be known, unless I repeat 
what they say, and their manner of saying."* Richardson. 

" We turn with all the elasticity of awakened hope to a second produc- 
tion of the pen of that lively ami accurate observer, the Author of" Sketch- 
es of Character," a work which has obtained a well-deserved popularity, 
and is perpetually recurring to the recollection of every person who, pos- 
sessing a miscellaneous acquaintance, is in the slightest degree gifted with 
a talent for the Comedy of Real Life. It is really difficult to imagine how 
' such very dissimilar walks of life, as are depictured in these pages ( Va- 
rieties of Life J can possibly be familiar to one and the same person. 
From that gentility of blood, mind, and manners, in the Ponsohbys, which 
looks down upon the glare, frivolity and dash of mere fashion, kc. down 
to the gossip and slang of abigails and valets, all is in its place, all is true 
to nature." Augustan Rev, 
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PATIENCE AND PERSEVERANCE ; or the MODERN ORISEL- 

DA. A Novel in 2 vols. ^x Mrs. HOFT 

Author of "Maid of Moscow," "Son of a Genius," &. &c. Price 2 dol- 
lars, in boards. 

THE WARD OF DELAMERE. A Novel in 2 vols. 

By Mrs. PINCHARD. Price 2 dollars in boards. 

LORIMER. A Tale. By LUCY AIKIN. In 12mo. 
Price 1 dollar in boards. 

" Though the general character under which we class the work before 
us, be not eminently our favourite, it is here carried to such high excellence 
that it is impossible for us to withhold our approbation. 

The story excites an uncommonly powerful interest in the reader's mind, 
and promotes the cause of morality and prudence by exhibiting the conse- 
quences of unrestrained rashness and passion." Crit. Rev. 

TALES OF FANCY, vol. 1, containing the SHIPWRECK. By MISS 
BURNEY, author of "Traits of Nature," kfi. he 

In 12mo. Price 1 dollar in boards. 

THE YOUNG MOTHER ; or ALBIN1 A. A Novel. By the author of 
" Rosa in London," &c. &c. In 12mo. Price 1 dollar, in boards 

FATHER AS HE SHOULD BE ; a Novel in 2 vols. 
By Mrs HOFLAND, 
Author of " Maid of Moscow," « Son of a Genius," &e. &c. Price 2 dol- 
lars, in boards. 

" Most of the characters are well imagined ; the moral is good, and the 
tale a lesson for married men in their grand climacteric, who are not abso- 
lutely incorrigible." Crit. Rev. July, 1815. 

THE HEART AND THE FANCY; or VALSINORE. A Tale 
By Miss BENGER. 
In 12mo. Price 1 dollar, in boards. 
" Miss Benger may be said to be a writer of no ordinary class, since her 
•work contains beautiful sentiments, and flashes of real genius. Many of the 
characters are new ; the narrative of Cornelius is very touching ; and the 
whole promises to charm the heart, and captivate the fancy, of many rea- 
ders." Mon. Rev. 

PAIRED— NOT MATCHED; or MATRIMONY IN THE 19th CEN- 
TURY. By Mrs. ROSS. 

In 2 vols. 12rao. Price 2 dollars, in boards. 
" We recommend this novel to our newly married fashionables." 

Critical Review. 

TRECOTHICK BOWER ; or LADY OF THE WEST COUNTRY- 
A Tale in 2 vols. By REGINA MARIA ROCHE, 

Author of the " Children of the Abbey," ike. kc. Price 2 dollars, in boards. 

THE MAGJC OF WEALTH. A Novel. By T. S. SURR, 

Author of " A Winter in London," &c. &c. In 2 vols. 12mo. Price 2 dol- 
ars, in boards. 
" There is much insight into character, with a very fair share of humour. 

Bat. Crit. Juki, 1815. 
TRAITS OF NATURE. A Novel. . By' Miss. BURNEY. 

In 2 vols. Price 225 cents, in boards. 
" A fertile invention, a dexterity of management, and a fluency of style^ are 
manifest in these volumes." ' Mon. Rev. Vol. 71. 

MARRIED LIFE ; or FAULTS ON ALL SIDES. 
By Miss HOWARD. 

In 2 vols. 18mo. Price 2 dollars, in boards. Second American edition. 
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THE MISER MARRIED. A Novel. By CATHERINE BUTTON- 

In 2 vols. 12rab. Price 2 dollars, in boards. 
«* The dialogues are natural, and each letter is characteristic of its supposed 
writer. The story also is amusing." Man. Rev. 

DISCIPLINE. By the author of « Self Controul." In 2 vols. 12mo. 2(1. 
American edition. Price 2 dollars, bound. 

" These volumes have almost every merit that can recommend fictitious 
writing — interest of narrative — happy delineation of characters — vivid des- 
cription of scenery and of manners, and purity and elegance of style." 

Ana. Mag. Sept. 1815. 

ROSA IN LONDON. In 18mo. Price 03 cents, in boards. 

MARIA ; or the HOLLANDERS. A Novel. 

By LOUIS BONAPARTE. 

In 2 vols. ISmo. Price 125 cents," in boards. 

THE HUNGARIAN BROTHERS. By Miss ANNA MARIAPORTER^ 

In 2 vols. 12mo. The 2d edition. Priee 2 dollars, in boards. 

"The incidents of this Novel are striking, and many of the characters 
are finely drawn. The two brothers are models of that chivalrous heroism 
with which Miss Porter has, on other occasions, proved herself to be inti- 
mately acquainted." Grit. Rev. 

THE REFUSAL. By Mrs. WEST. 

Author of " Tale of the Times." " Gossip's Story," Sec Sec. In 2 vols, 
12mo. Price 2 dollars, in boards. 

THE HAWTHORN COTTAGE. A Tale. By J. JONES. 

Two volumes in one. In 12mo. Price 1 dollar, in boards. 

THE HISTORY OF TOM JONES, a Foundling. 
By HENRY FIELDING, Esq. 
In 3 vols. 18mo. Price 3 dollars, bound. 

HOME. A Novel in 2 volumes. By Miss CULLEN, Daughter of 

the celebrated Dr. Cullen. Price 2 dollars in boards. 

" We must allow considerable merit to this Novel ; which we may fairly 
recommend to our circulating libraries, as affording much sounder entertain- 
ment than they generally offer to the public." Crit Rev. 

" Simple occurrences in elegant and chaste language, events which might 
take place in any family, form the ground-work of this pleasing Novel, in 
which there is much to commend, and nothing to blame." Eur. Mag. 

THE LETTERS of an ITALIAN NUN and an ENGLISH GENTLE- 
MAN. Supposed to be written by J. J. ROUSSEAU. 

In 1 8mo. Price 50 cents, bound. 
" Not Rousseau's — but in many respects worthy of his exquisite pen. The 
story is interesting and pathetic — and the letters are written with spirit and 

ELIZABETH; or the EXILES OF SIBERIA. A Tale founded on 
fact Translated from the French of MADAME COTTIN. 
5th edition. In 18mo- Price 63 cents, bound.' 

"This charming little work is a translation from the French, and unlike 
most other translations, loses nothing of the spirit and interest contained in 
the original. Lady's Museum. 

" We are not in general, particularly fond of novels founded on fact ; but 
we must make an exception in favour of any thing so well executed as 
that which is now before us." Ellin. Rev. 

MORXTOX. A novel, By Miss CULLEN, 

Author of " Home." In 3 vols. 12rao. Price 3j dollars in boards, 
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. MONT ALBERT. By CHARLOTTE SMITH. 

In 2 vols. 12mo. Price - dollars, bound. 

THE COTTAGE GIRL. By the same author. In 18mo. Price 03 
cents, in boards. 

JULIA DE ROUBIGNE ; a Tale, in a Series of Letters. 
By ALEXANDER MACKENZIE, 

Author of "Man of Feeling," and " Man of the World." A new edition. 
To which is added, the Dying Ode of Julia de Roubigne, not inserted in any 
former edition. With a Frontispiece. In 18mo. Price 03 cents, bound. 

" We can with pleasure assure our readers, that they will find in Julia de 
Roubigne the same richness of invention, pathos of sentiment, and simplicity 
of language, which distinguish the author's former publications. We have 
found so much to admire in these natural effusions of genius and feeling, that 
it-is with regret we learn from the preface, that this may probably be the 
last time that the author win contribute, in this way, to the amusement of 
the public." Mon. Rev. 

MEMOIRS OF AN AMERICAN LADY, with SKETCHES of MAN- 
NERS and SCENERY in AMERICA, as they existed previous to the 
Revolution. In 12mo. Price 1 dollar, boards. 

" These letters are written in a superior style, and contain much matter 
of interest. With touching sensibility the author has pourtrayed the primi- 
tive manners of the colonists, and drawn pictures altogether new and de- 
lightful." Lady's Museum. 

" This is a work of very considerable merit." JUkia's Ann. Rev. 
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MATERNAL SOLICITUDE, FOR A DAUGHTER'S BEST IN- 
TERESTS. By Mrs: TAYLOR, ol Ongar, 
Author of " Practical Hints to young Females," !kc. 
In 12mo. Price 75 cents, boards. 
"The subjects of these essays are well chosen and ingeniously diversified, 
and the fair writer displays a degree of piety, witb a knowledge and applica- 
tion of the scripture, which increases the value of her work." 

Monthly Review, 1814. 

ELLEN ; or, the YOUNG GODMOTHER.* A Tale, 
By ALICIA CATHARINE MA.NT. 

In 18mo. Price 6.3 cents, half bound, morocco backs. 
' : When to correct principles and religious tenets, are added a good dic- 
tion, considerable discrimination, and a well-wrought story, that would not 
discredit a work destined to higher purposes, and addressed to intellects in a 
more improved state, nothing mere need be said in its favour." 

Monthly Museum, Ap-il, IStC. 

POPULAR MODELS, and .IMPRESSIVE WARNINGS, to the Sons 

and Daughters of Industry. By Mrs. GRANT. 

In ivols- 12mo. Price 150 cents, boards. 

" No work published within the last twenty years, has merited more 
general currency." Monthly Magazine, May, 18lf>. 

"It is with sincere pleasure that we embrace the opportunity of noticing a 
second publication from Mrs. Grant, addressed to " the Sons and Daughters 
of Industry." The success of the first volume of this interesting series is k. 
sufficient proof of its merit, although success does not always crown the efforts 
of universal philanthropy or distinguished abilities; but when united, they 
draw every mind to contemplate their happy effects ; and such is the meed, 
and we trust will be the result of Mrs. Grant's laudable endeavours." 

La Belie Assemblee. 
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V CLASSICAL DICTIONARY, containing a copious account of all the 
PROPER NAMES mentioned in ANCIENT AUTHORS ; with the va- 
lue of Coins, Weights and measures, used among the Greeks and Romans; 
and a Chronological Tahle. 

By J. LEMPRBSRE, D. D. 
Second American, from the Eighth London Edition. 
In 8vo. Price 5 dollars bound. 
A FATHER'S GIFT TO HIS CHILDREN. Consisting of Original 
Essavs, Tales, Fables, Reflections, kc. First American, from the -third 
London edition. By WILLIAM MAYOR, L. L. D. 

In 2 vols. 18mo. Price 2 dollars, bound. 
AN ABRIDGMENT of the HISTORY of ENGLAND from the in- 
vasion of Julius Csesar, to the Death of George the Second. 

By Dr. GOLDSMITH, 
and continued by an eminent writer to the PEACE OF AMIENS, A. D. 
1802 In 12mo." Price 1 dollar, bound. 

HISTORY of an OFFICER'S WIDOW, and her young Family. 
Bv Mrs. HOFLAND, 
Author of " Son of a Genius," " Ellen, the Teacher," &c. &c. In ISmo. 
Price 63 cents, in boards. 

" The story is interesting, and such as may in a peculiar manner benefi- 
cially engage the attention of juvenile minds." Man. Rev. 

A TREATISE OF ALGEBRA. Wherein the principles are demon- 
strated, and applied to many useful and interesting enquiries, and in the re- 
solution of a great variety of problems of different kinds. To which is ad- 
ded, the Geometrical construction of a great number of Linear and plane 
problems, with the method of resolving: the same numerically. 
By THOMAS SIMPSON, F. R. S. 
In 8vo. Price 250 cents, bound. 
A CRITICAL PRONOUNCING DICTIONARY, and EXPOSITOR 
of the ENGLISH LANGUAGE. lb. which, not only the meaning of every 
word is clearly explained, and the sound of every word distinctly shown; 
but, where words are subject to different pronounciations, the authorities of 
our best Pronouncing Dictionaries art- fully exhibited, the reasons for each 
at large displayed, and the preferable pronunciation pointed out. To 
which are prefixed, PRINCIPLES of ENGLISH PRONUNCIATION : 
in which the sounds of letters, syllables, and words, are critically investigated, 
and systematically arranged, fcc. kc. ko. The whole interspersed with Ob- 
servations, Etvmological, Critical, and Grammatical. 

By JOHN WALKER, 
Author of "Elements of Elocution." kc. &c. fcc. In 8vo. Price 350 cents, 
hound, or, on fine paper, 4 dollars bound. 

ROMAN ANTIQUITIES ; or an Account of the MANNERS and 
CUSTOMS of the ROMANS, respecting their Government, Magistracy, 
Laws, Judicial proceedings, Religion, Games. Military and Naval affairs, 
Dress, Exercises, Baths, Marriages, Divorces, Weights and Measures, 
Coins, Agriculture, Public Buildings, &c. &c. Sec. Designed chiefly to il- 
lustrate the Latin Classics, by explaining words and phrases, from the rites 
and customs to which they refer. 

By ALEXANDER ADAM, L. L. D. 
Rector of the High School of Edinburgh. In 8vo. Price 3 dollars, bound. 

ENGLISH GRAMMAR, adapted to tRe different Classes of Learners. 
With an Appendix, containing Rules and Observations, for assisting the 
more advaneed.Students to write with Perspicuity and Accuracy. 
By LINDLEY MURRAY. 
Stereotype edition. Price 75 cents, bound. 
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THE PANORAMA OF YOUTH. By MARY STERNDALE- 

First American, from the 2d London edition. In 2 vols, l'imo. 
Price 175 cents half bound, with .Morocco backs. 

" The tales themselves are written with ability, and their design is men- 
forious^ They conclude wilh a well-executed allegory, entitled the " Voy- 
age of fife ;" and the whole production is calculated to stimulate the feelings 
on the side of virtue." Mon. Rev. 

SCIENTIFIC DIALOGUES, intended for the instruction and entertain- 
ment of voting people ; in which the first PRINCIPLES of NATURAL 
and EXPERIMENTAL PHILOSOPHY are explained. 

By the Rev. J.JOYCE. 
Second American edition. In 3 vols. 18mo, with plates. Price 3 dollars, 
bound. 

PRACTICAL HINTS to YOUNG FEMALES, on the DUTEES of a 
WIFE, a MOTHER, and a MISTRESS of a FAMILY. 

By Mrs. TAYLOR, of Ongar. 
Author of " Maternal Solicitude for a Daughter's best Interest." In 18mO- 
Price 50 cents, in boards. 

" Every wise woman buildeth her house, but the foolish plucketh it down 
with her hands.'! Solomon. 

A PRESENT for a YOUNG SERVANT j consisting of Friendly Advice 
and Real Histories. By MRS. TAYLOR of Ongar, author of " Practical 
Hints to Young Females," &c. &c. 

In 18mo. Priae C3 cents, in boards. 
•* She addresses young servants ; and recommends to their practice a be- 
haviour and conduct which cannot fail to insure their respectability." 

Literary Panorama. 

" We are happy to announce another pubbcation of this judicious and 
useful writer, particularly as we think that the present will be found 
among the most valuable of Mrs. Taylor's productions. The size of the 
volume is attractive ; and the stvle, though correct, is so unaffected and sim- 
ple, that every word will be understood by the class of readers for which it is 
designed." Monthly Review, March, 1816. 

GEOGRAPHICAL QUESTIONS, adapted to the new Abridgment of 
MORSE'S GEOGRAPHY ; for the use of Schools. 

By the Rev. DAVID GRAHAM. 
In 12mo. Price 38 cents, half bound. 

JOSEPHINE ; or the ADVANTAGES OF A SUMMER. A Tale 
intended for the instruction and amusement of Young Ladies. 
In 18mo. Price 50 cents, in boards. 
TALES OF THE CASTLE; or STORIES of INSTRUCTION and 
DELIGHT. Being Les Vcillees du Chateau, written in French by 

Madame la COMPTESSE DE GENLIS. 
and translated into English by THOMAS HOLCROFT. 9th edition. 
In 2 vols. 12mo. Price 2 dollars, in boards. 
PHILADELPHIA HARMONY ; or, a Collection of Psalm Tunes, 
Hymns, and Anthems, selected by A. ADG ATE. Together with the Ru- 
diments of Music on a new and Improved Plan, by A. ADGATE, P. U. A. 
With an Improved mode of teaching Music, to facilitate the progress of a 
learner. By JOHN J. HUSBAND. 

•Price, 1 dollar, half bound. 
VISIT FOR A WEEK ; or HINTS on the IMPROVEMENT of 
TIME. Containing, Original Tales, entertaining stories, Interesting anec- 
dotes, and sketches from natural and moral history. In 12mo. Price 88 
cents, bound. 
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A HISTORY OF VIRGINIA, from its discovery till the year 1781. 
With BIOGRAPHICAL SKETCHES of all the most distinguished char- 
acters in the Colonial, Revolutionary, and subsequent period of our History. 
By .1. W. CAMPBELL. 

In l'.'mo. Price 125 cents, bound. 

THE LIFE OF WASHINGTON, with Curious Anecdotes equally hon- 
ourable to himself^ and exemplary to his Young Countrymen, 
By the Rev. MASON L. WEEMS. 

Seventeenth Edition. Embellished with a Portrait, a Map of the United 
Suites, and six Historical Engravings. In 12mo. Price 1 dollar, bound. 

" This little volume is designed for an introduction into schools, and as it 
contains many interesting anecdotes of Washington, and is written in a style 
very fascinating to the young, it will have an e&iensive circulation. It has in- 
deed already, in less than two years, passed through eight editions. This is 
an honourable proof, that the public curiosity is yet awake, in respect to the 
life and character of the beloved hero of the Revolution. 

" It has been a subject of just complaint, that in the lives of Washington, 
which have appeared, there has been so little of Biography, and so much of 
history, that we behold him only on the stage of public action, and are not 
permitted to see him in the private walks of life. Mr. Weems comes for- 
ward to supply this deficiency. He has collected a number of facts, particu- 
larly relating to the childhood and youth of the American sage, and has pre- 
sented them to the public, in such an interesting, and frequently comic dress, 
that it will require the most immoveable gravity ot disposition, to preserve a 
composure of muscles, in reading this book. With this inimitable talent tor 
humour, it is a happy circumstance, that the author lias a higher object than 
a laugh. He perceives the value of religion, and he wishes to recommend it 
by the example of Washington." Punnplist and Mis. Mag. united. 

THE ADVENTURES of TELEMACHUS, the Son of ULYSSES. 

Translated from the French of FENELON, Archbishop of Cambray, 
By JOHN HAWKES WORTH. 
In 2 vols. 18mo. Price 175 cents, bound. 

BUTLER'S GEOGRAPHICAL and MAP EXERCISES. Designed 
for the use of Young Ladies and Gentlemen. Corrected and improved. 

Bj STEPHEN AUDINGTON. 
'2d edition. In 12mo. with a 4to. Atlas. Price 113 cents — or, 150 cents, 
coloured. 

" Nothing is so entertaining as Maps." Lord Chesterfield. 

" In our opinion, there are t'aw writers on the subject of Practical Edu- 
cation, to whom our female offspring are under greater obligations, than to 
the author of the present work." Lady's Museum. 

FERGUSON'S LECTURES on SELECT SUBJECTS, in Mechanics, 
Hydrostatics, Hydraulics, Pneumatics, Optics, Geography, Astronomy, and 
Dialling. A new edition ; corrected and enlarged. With notes and an ap- 
pendix, adapted to the present state of the Arts and Sciences, 

By DANIEL BREWSTER, A. M. 
Carefully revised and corrected. By ROBERT PATTERSON, Professor 
of Mathematics, and Teacher of Natural Philosophy in the University of 
Pennsylvania. Second American edition. In 2 vols. 8vo. with a vol- 
ume of plates. Price 7 dollars, bound. 

PRINCIPLES OF POLITENESS, aud knowing the World. 
By the late LORD CHESTERFIELD. 
With additions by the Rev. JOHN TRCSLER. Containing every in- 
struction necessary to complete the Gentleman and Man of Fashion — to teach 
him a knowledge of life, and make him well received in all companies. To 
which is annexed GREGORY'S LEGACY. For the improvement of 
youth; but not beneath the attention of any. In 12mo. Price 38 cents, ><<df 
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THE POLITE LADY ; or a course of FEMALE EDUCATION : in a 

series of Letters from a Mother to a Daughter. In 12mo. Price 75 cents, 
bound. 

A NEW ROMAN HISTORY ; from the foundation of Rome, to the 
end of the Commonwealth. With cuts. Designed for the use of Young La- 
ches and Gentlemen. In 18mo. Price 50 cents, half bound. 

THE BROTHER AND SISTER. A Tale, By Mrs. OPIE. 
In 18mo. Price 25 cents. 

THE HISTORY OF GREECE from the earliest state, to the DEATH 
of ALEXANDER the GREAT. By Dr. GOLDSMITH. 

In 12mo. Price 1 dollar, bound. 

A KEY TO BONNYCASTLE'S MENSURATION ; containing as plain 
a solution to every problem and question left unsolved in th:tt Treatise, as 
the nature of each case can admit. Arranged for the American edition of 
1812, with proper references. By THOMAS CROSBIE. 

In 12mo. Price 1 dollar, bound. 

A COMPENDIOUS EXPOSITOR of English words derived from the 
Latin, Greek, and French. . By J. GOUGH, S. M. 

4th edition improved, with the addition of nearly 1000 words not in any 
former one. In 12mo. Price 25 cents, half bound. 

THE UNIVERSAU LETTER WRITER ; or the whole ART of PO- 
LITE CORRESPONDENCE. Containing a great variety of plain, easy, 
entertaining, and familiar original Letters, adapted to evcrv age and situation 
in Life, but more particularly on BUSINESS, EDUCATION and LOVE. 
To winch is added, a modern collection of Genteel complimentary cards. 
Likewise useful forms in Law, such as Bonds, Wills, &c. 
In 12 mo. Price 50 cents, half bound. 

GURNEY'S easy and Compendious SYSTEM of SHORT HAND ; 
adapted to the Arts and Sciences, and to the learned professions. Improved 
by THOMAS SERGEANT. 3d American Edition. In 12mo. Price 150 
cents, bound. 

HISTORY OF PAMELA ; or VIRTUE REWARDED. Abridged 
from the works of SAMUEL RICHARDSON, Esq. In ISmo. Price' 25 
cents. 

THE PARENTS' FRIEND; or EXTRACTS from the PRINCIPAL 
WORKS on EDUCATION, from the time of Montaigne to the present 
day, metbodized and arranged. With observations and notes. 
By" RICHARD LOVEL EDGEWORTH, and MARIA EDGEWORTH. 

In 2 vols. 8vo. Price 4 dollars, bound. 

" The compiler of the " Parent's Friend," with regard to the most capi- 
tal books which have been published on education, has selected thoughts and 
observations, ranged, not indeed under the names of the authors, hut under 
the different heads of food, schools, choice of books, obedience, manners, Ike. 

" These volumes contain much good matter, and will afford both useful and 
agreeable reading, to those who may not have money to purchase, or leisure 
to peruse the original authors. Jlikins Annual Review. 

DILWORTH'S NEW GUIDE to the ENGLISH TONGUE. Price 

19 cents. — 133 cents per doz. 

D JUNII JUVENILIS et A. PERSII FLACCI SATIRJE. Inter- 

pretatione ac Notis illustravit Ludovicus Prateiis, Rhetorics' professor 
Emeritus ; jussu Chri .lianissimi Regis, in visum Serenissirhi Delphini. Edi- 
tio prima Americana. In 8vo. Price 275 cents, bound. 
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PABLO y VIRGINIA. Por JACOBO BERNARDINO HENRIQUE 
de St. PIEKRE. Traducido en Espauol por Don JOSEF MIGUEL DE 
-ALE A. In 18mo. Price, 50 cents, half bound. 

LECTEUR FRANCOIS ; ou Recueil de Pieces, en Prose et en Vers, 
tirees des Meilleurs Eerivains. Pour scrvir a pcrfectionner les jeunes Gens 
, dane la Lecture ; a etendre leur Connoisance dc la Langue Francoise ; et 
a leur inculquer des principes de Vertu et de Piete. 
Par LINDLEY MURRAY. 
Second edition In 12mo. Price 125 cents, bound. 

a " Special care has been taken to render the study of eloquence subser- 
vient to virtue, and to introduce only such pieces as shall answer the dou- 
ble purpose of promoting; good principles, and a correct and elegant taste. 
This will no doubt be found a very useful school-book." JVlon. Rev. 

" The student will find his advantage m making use of this work, as he 
will be sure to form Lis taste after the most correct models." Crit- /lev. 

LES ADVENTURES de TELEMAQUE, Fils d'Ulysse. Par FENE- 
LON. Nouvelle edition, revue et corrigce. 

Par M. CHARLES Le-BRUN. 

In 12mo. Price, 13S cents. 

LES ADVENTURES DE TELEMAQUE, fils d'Ulysse. 

Par M..FR. DE S ALIGN AC DE LA MOTHE FENELON, 

Archeveque de Cambray. En Francois et en Anglois. Seconde edition 
Americaine, soigneusement compai'ee avec les nieilleures editions Fran- 
coises, revue et corrigee par L. C. VALLON, Professeor de la Langue 
Francois en l'Universite de Pennsylvanie. In 2 vols. 12mo. Price 225 cents, 
bound. 

ELEMENS de la GRAMMAIRE FRANCOISE, Par. M. LTIOMOND. 

Proi'esseur emerite en la ci-devant Universite de Paris. Dixieme edition- 
In 12mo. Price 50 cents, half bound. 

Le DIRECTEUR DES ENFANS, depuis l'age de Cinq ans-, jusqu 'a 
douze. Contenant 1. l'Abecedairej 2. Des Prieres et des meditations 
Cbretiennes, 3. Un examen de Conscience pour I'enfance, 4. Un Cate- 
chisme, et des prieres pour la Confession, 5. Un petit traite d'Arithmeti- 
quej 0. Des Lectures interessantes, et un recueil choisi de contes et de 
fables. Nouvelle edition, redige, 

Par M. C. LE BRUN 
price on fine paper, half bound, 50 cents, — Common paper 38 cents. 

COLUMBIAN SPELLING AND READING BOOK, improved. 
Price 25 cents. — 2 dollars per doz. 

La GALATEA de MIGUEL de CERVANTES, imitada, compen- 
rliadaj concluida por M. FLOUIAN. Traducido por D. CASIANO PEL- 
LICER. In IShno. Pi-ice 50 cents, half bound. 

EL DIRECTOR DE LOS NTNOS para aprender a Deletrear ; o Metodo 
para facilitar los progre'sos de los Niuos quando se mandan par la pri- 
mera vez ala Escnela. In 18mo. Price 50 cents, half bound. 

La PAIS ANA VIRTUOSA. In 18mo. Price 50 cents, half bound. 
Les ELEMENS de la LANGUE ANGLOISE, developpes d'une 
maniere nouvelle, facile, et tres-concise. Par .1. V. PEYTON. 

In 12mo. Price 63 cents, half bound. 

J IOMERI ILIAS, Grace et Latine. Annotationes in usum sercnissimi 
principis Gulielmi Augusti, Ducis de Cumberland, &c. regio jussu 
seripsit atque edidit SAMUEL C:LARKE, S. T. P. Editio prima Ameri- 
cana. Cura GEORGIO IRONSIDE, A. M. 

In 2 vols. 8vo. Price 7 dollars, bound. - 
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LA PRESUMIDA ORGULLOSA. Por Don ATANASIO CESPE- 
EDS y MONROY. In 18mo. Price 50 cents, half bound 

QTJINTI HORATO FLACCT OPERA; in Usum Screnissimi Dd^ 

J mini. A new edition, in which many of the errors of the London editions 
lave been corrected. In Svo. Price 350 cents, hound. • ■? 

JUSTINUS DE HISTORIIS PHILIPPIC1S, et fortius mundi origin!-- 
bus. Interpretatione et notis illnstrayit PETRUSJOSEPHUS CANTEIi,» 

E Societate Jesu ; Jussu Gliristianissimi Regis, in usum Screnissimi DeL-y 
phini. Edirio Prima Americana. Aceesserc JACOB1 BONGARSII* 
Excerptiones Chronological, ad Justini historias accommodata:. .•* 

In 8vo. Price 275 cents, bound. 

C. JULII CiESARIS, quae extant, interpretatione et notis illustravU 
JOHANNES GODVINUS, professor Regis, in usum Delphini. The 

notes and interpretations translated and improved 

By THOMAS CLARK, In 8vo. Price 250 cents, 

CORNELII NEPOTIS, Vita? Excellentium imperatorum Versione 
Anglicana, in qua verbuxn de verbo quantum fieri potuit, redditur : Notis- 
quoque Anglicis et indice tocupletissimo ; or, CORNELIUS NEPOS'S 
LIVES of the excellent Commanders, with an English translation as literal 
as possible, with English notes and a large index. By JOHN CLARKE. 
In 12mo. Price 1 dollar, bound. 

EPICTETI ENCHIRIDION. Ex editione JOHANNIS UPTON, ac- 
curate expression. In 18mo. Price*31 cents, bound. 

THE PHILADELPHIA VOCABULARY, English and Latin : proper 
to acquaint the learner with things, as well as pure Latin words. Adorned 
with 26 pictures. For the use of Schools. By JAMES GREENWOOD. 
In 12mo. Price 50 cents, bound. 

QUINTI HORATII FLACCI OPERA. Ad optimas editiones collata. 
In 18mo. Price 1 dollar, bound. 

SELECTS E PROF ANTS SCRIPTORIBUS HISTORIC. Quibus 
admista sunt varia honeste vivendi Prsecepta, ex iisdem scriptoribus de- 
prompta. Usee editio Philadelphlensis prioribus certe emendatior et ju- 
ventuti utilior. AccuranteJA. ROSS. 

In 12mo. Price 1 dollar, bound. 

CORDERII COLLOQUIORUM CENTURl Selecta : or, a select 
Century of the Colloquies of Corderius, with an English translation, as lit- 
eral as possible ; designed for the use of beginners in the Latin tongue. 

By JOHN CLARKE. 
A new edition, corrected and improved, by JAMES ROSS, Professor 
of the Latin and Greek Languages in Philadelphia. 
In 12mo. Price 50 cents, bound. 

SELECTS e VETERI TESTAMENT©, quels nonnulloe ex APOC- 
RYPH1S, sive libris incertse originis, et auctoritatis humans, adduntur, 
HtSTORIiE, ad usum eorum qui Latinse linguse rudimentis imbuuntur — 
edilio nova Philadelphiensis, qua signa quantitatis certis syllabis perspicue 
no.intur JA. ROSS, Humaniorum Literarum et GrsecxLingux Professore 
accurante In 12mo. Price 50 cents, bound. 

OESIDERII ERASMI Roterodami colloquia familiaria nonnuJla sdee- 
ta : or some select familiar Colloquies of D. ERASMUS of Rotterdam. 
With a literal Translation. By JOHN CLARKE. 

A new edition, in which many of the errors of former editions (both in the 
text and translation) have been corrected, and the signs of quantity, to as- 
sist the students in pronouncing, are annexed. By JAMES ROSS, Pro- 
fessor of the Greek and Latin Languages in Philadelphia. 
In 12mo. Price 50 cents, bound. 
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THE following pages are intended to exhibit a 
summary view of the general nature of chemical re- 
agents or tests, with the effects and phenomena 
which are produced by the action of these bodies— 
the particular uses to which they may be applied in 
the various pursuits of chemical science — and the art 
of applying them successfully. 

To accomplish this object, I have in the first place 
stated the characteristic powers of each individual 
test, and have afterwards proceeded to illustrate its 
attributes, and peculiar mode of action, by a series of 
experiments, sufficiently striking to interest the mind, 
and imprint its generalities on the memory. 

In selecting the illustrative proofs, I have chosen 
such experiments only as are easy to be performed, 
and the exhibition of which requires no other agents, 
than a mere collection of the chemical tests enumer- 
ated in the treatise, in addition to a few articles of 
commerce, which may readily be procured. 

I have given a list of all those substances for which 
there exist any appropriate tests, with direct refer- 
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ences to the manner in which those substances may 
individually be detected. 

And I have also pointed out the precautions ne- 
cessary to be observed, to guard against deceitful 
appearances that may occur under certain circum- 
stances, and without which precautions chemical 
tests are of little utility. 

In fact, I have not only endeavoured to render 
this treatise useful to the young chemist, but it has 
also been my aim to give it such a popular form, as 
to place the subject on which it treats within the 
reach even of those, who are unacquainted with the 
principles of chemical science. 

The student, in particular, will, it is presumed, 
readily comprehend the signals by which the chemist 
steers ; he will find no difficulty in applying chemi- 
cal re-agents to original investigations, whilst, at the 
same time, he will become enabled to perform a se- 
ries of amusing and instructive experiments, well 
calculated to illustrate the chemical affinities of dif- 
ferent bodies, and the most important changes of 
which they are susceptible in their reciprocal action 
— he will thus become acquainted with the laws that 
govern the composition and decomposition of bodies, 
and with the practical processes by which the consti- 
tuent parts of compound bodies are discovered. 

FREDRICK ACCUM. 



CONTENTS. 



Definition and General Nature of Chemical Re- 
agents or Tests. Page 25. 

General nature of Chemical Tests — purposes foi' which they 
are employed — phenomena arising from the action of these 
bodies — upon what founded — manner in which they indicate 
the absence or presence of the substances, for the detection 
of which they are employed — precautions to avoid fallacious 
results — sei'vices they render to the practice of chemistry 
were first used by Boyle in 1663, who was acquainted with the 
tests for detecting acids, alcalies, copper, silver, mercury, &c. 
— Duclos, in 1666, employed re-agents in the chemical exami- 
nation of mineral waters — further pursuit of the subject by 
modern philosophers. 

LIST OF CHEMICAL TESTS. 

1. TINCTURE OF LITMUS 30 

Is chiefly employed for detecting uncombined acids, and 
for discriminating fixed acids from carbonic acid — effects of 
sulphuretted hydrogen gas upon this agent — how discrimina- 
ted from the effect produced by carbonic acid — detects one 
grain of sulphuric acid in 386,697 of water : 

EXPERIMENT I. 31 

II. .... 31 

III. -.-- 32 

IV. - - - 32 

V. 33 

VI. « 33 

1-2 



VI CONTENTS. 

EXPERIMENT VII. - - - -33 

VIII. - - - - 34 

IX. .... 35 

II. LITMUS PAPER 37 

Is another test commonly used for detecting uncombined 
acids in general — and for discriminating carbonic acid, from 
fixed acids — detects the l-4,693d part of sulphuric acid — 
preparation of it ; 

EXPERIMENT X. . ... 37 

XI. ... 37 

XII. .... 38 

— — XIII. - - - - 38 

III. LITMUS PAPER REDDENED BY VINEGAR 39 

Is a test for alcalies — their carbonates, and alcaline earths 
— how employed for discriminating carbonated earths, from 
carbonated alcalies — preparation of it : 

EXPERIMENT XIV. .... 40 

XV. - 41 

XVI. - - - - 41 

XVII. .... 41 

XVIII. - - - - 42 

IV. TINCTURE OF RED CABBAGE 43 

Is a very delicate test for uncombined acids, and alcalies, 
in general — method of preparing it : 

EXPERIMENT XIX. .... 43 
XX. 43 

V. TINCTURE OF BRAZIL WOOD— AND BRAZBL 

WOOD PAPER 44 

Are tests for alcalies, either in a pure state, or when com- 
bined with carbonic acid — and also of carbonated earths when 
dissolved by an excess of carbonic acid — are liable to mislead 
— precautions to be observed to render their effects unequi- 
vocal — Brazil wood paper, when tinged violet by an alcali, 
may be used as a test for acids : 



CONTENTS. Vtl 

EXPERIMENT XXI. .... 45 

XXII. ... 46 

XXIII. --.. 46 

XXIV. ---. 46 

XXV. - ... 47 

VI. TINCTURE OF TURMERIC— AND TURMERIC 
PAPER 47 

Are tests for detecting alcalies, whether caustic, or combi- 
ned with carbonic acid — are not affected by carbonated 
earths — and are usefid for readily discriminating carbonated 
alcalies from carbonated earths with excess of carbonic acid, 
— extreme sensibility of these tests — turmeric paper may be 
employed as a test for acids, when rendered brown by an 
alcali: 

EXPERIMENT XXVI. .... 48 

XXVII. - - - - 48 

XXVIII. .... 48 

XXIX. - - - - 48 

XXX. ---- 49 

XXXI. . ... 51 

VII. SULPHURIC ACID 51 

Is used for detecting uncombined carbonic acid, when pre- 
sent in a fluid — or when combined with an earthy, alcaline, or 
metallic base — is a capital test for barytes — and strontia — also 
useful as an auxiliary test for detecting salts of lead, and of 
mercury — and for determining, to a certain extent, the gene^ 
ral nature of saline compounds : 

EXPERIMENT XXXII. - 53 

XXXIII. - - - - 53 

XXXIV. ... 53 

XXXV. - - - - 54 

XXXVI. - - - -55 

XXXVII. - - - -55 



Vill CONTENTS* 

Till. NITRIC ACID 56 

Is useful for readily ascertaining the purity of tin — for dis- 
tinguishing iron from steel — to discover the presence of re- 
sin — and starch, when present in vegetable substances — and 
to establish the absence, or presence, of azote in animal mat- 
ter — and for detecting uric acid : 

EXPERIMENT XXXVm. - - - - 58 
XXXIX. --- - 59 

X MURIATIC ACID 61 

Is a test for silver — lead — for uncombined ammonia — and 
for oxide of manganese : 

EXPERIMENT XL. .... 62 

. XLI. 63 

XLU. .... 63 

X. TARTAREOUS ACID 63 

Is an useful test for discriminating potash and its saline 
compounds — from soda, and its combination with acids — con- 
ditions to be observed with regard to the application of this 
test: 

EXPERIMENT XLin. - - - - 64 

XLIV. .... 64 

XLV. - - - - 64 

XLVI. . ... 65 

XLVfl. * - - -65 

XLVHI. ... 65 

XI. BORACIC ACID 65 

An useful flux to be employed with the blowpipe — remar- 
kably facilitates the fusion of earthy bodies — dislodges all 
acids from their combinations, the phosphoric excepted — also 
useful for discovering alcalies, when present in mineral sub- 
stances. 

XII. ACETIC ACID 67 

Is an auxiliary test for detecting the presence of ammonia— 
also useful in the analysis of vegetable substances to separate 
resin from gluten. 



COKTENTS. IX 

Xni. OXALIC ACID 67 

Is a test for lime — decomposes all soluble calcareous salts 
in whatever combination the lime may be — likewise useful 
for separating; oxide of iron from oxide of titanium — and from 
oxide of cerium. 

XIV. MURIATE OF AMMONIA 68 

Is a test for platina— for separating alumine from alcaline 
solutions — and for detecting alcalies and alcaline earths — is of 
little utility for the latter purpose : 

EXPERIMENT XLIX. - - - -70 

L. .... 70 

XV. OXY-MURIATE OF MERCURY, 

OR CORROSIVE SUBLIMATE 71 

Is used as a test for alcalies and alcaline earths, but of no 
great value for that purpose — more useful for detecting albu- 
men in animal substances — and ascertaining its quantity — de- 
tects 1-2,000 part of albumen — also employed to detect salts 
with a base of ammonia — spoils on exposure to bght: 

EXPERIMENT LI. - - - - -72 

_ LU. - - - - 72 

. LEI. 73 

- LIV. . ... 73 

LV. 73 

LVI. - - - - 74 

LVII. - - - - 74 

XVI. SUB-NITRATE OF MERCURY 75 

Is a delicate test for uncombined ammonia and for muria- 
tic acid — detects one part of muriatic acid in 300,000 of water — 
likewise for phosphoric acid — precautions to be observed in 
applying it ; to avoid deceitful appearances ; 



X CONTENTS. 

EXPERIMENT LVIU. - - - - 76 
LIX. - - - -76 

LX. 76 

LXI. - ■ - - -77 

Lxn. - • - -77 

LXIII. - - - - 77 

XVH. NITRATE OF SILVER 77 

Is a delicate test for muriatic acid in any soluble combina- 
nations — precautions to be observed when applied for that 
purpose — detects one grain of common salts in 42,250 of wa- 
ter — is also a test for sulphuretted hydrogen — and sulphurets 
in general — for chromic acid — and a capital test for arsenic : 

EXPERIMENT LXIV. 79 

LXV. . ... 79 

LXVI. 80 

LXVH. .-- - 80 

— LXVIH. - - - - 81 

LXIX. .... 82 

LXX. 82 

LXXI. -.-- 82 

LXXII. - - - - 83 

Lxxm. - - - 83 

LXXIV. - - - - 84 

LXXV. 84 

LXX VI. - - - 85 

LXXVH. .... 86 

LXXVUI. - - - - 86 

XVIII. ACETATE OF SILVER 86 

Acts like nitrate of silver — particularly well adapted for ex- 
amining alcaline muriates, namely, if we wish to ascertain and 
separate the muriatic acid, without introducing any addition- 
al quantity of extraneous nitric acid into the compound — 
conditions to avoid sources of error — is decomposed by light 
— how prevented. 



CONTENTS. XI 

XIX. SULPHATE OF SILVER 88 

Is another test for detecting the presence of muriatic acid 
in any soluble combination — very useful in the analysis of cer- 
tain classes of salts — does not keep when suffered to be ex- 
posed to the light of day. 

XX. PHOSPHATE OF SODA 88 
Is a very useful test for separating magnesia from all other 

earths — also a capital flux for the blowpipe — facilitates the 
fusion of earthy substances and metallic oxides : 

EXPERIMENT LXXIX. - - - - 89 
LXXX. - - - - 89 

XXI. LIME WATER 90 

Indicates carbonic acid not combined with a base — or when 
combined in excess — is liable to give fallacious results — how 
prevented — likewise used as a test for oxy-muriate of mer- 
cury — preparation of it : 

EXPERIMENT LXXXI. - - - - 91 

LXXXH. - - - - 92 

LXXXHI. - - - - 92 

LXXXIV. ... 93 

LXXXV. - - - - 94 

. LXXXVI. - - 94 

LXXXVH. - - - - 94 

XXII. TAN 96 

Is a test for animal gelatine, or jelly — great power of this 
test— detects the 1-2,000 part of animal jelly— ingenious me- 
thod of ascertaining the quantity of animal jelly by means of 
it, as suggested by Dr. Bostock. 

EXPERIMENT LXXXVEI. - - - - 97 

LXXXIX. --- - 97 

XXIU. NITRATE OF COBALT 98 

Is useful for readily ascertaining the presence of alumine— 
is not absolutely discriminative. 



Xll CONTENTS. 

EXPERIMENT XC. 99 

: XCI. - - - - 99 

XCII. - - - - 99 

XXIV. SUPER ACETATE OF LEAD 

Is a test for muriatic acid — and sulphuric acid — precautions 
necessary in applying it — may likewise be used for detecting 
phosphoric acid — boracic acid — detects minute portions of 
sulphurets and sulphuretted hydrogen in general. 

EXPERIMENT XCIH. . - - - 101 

XCIV. - - - 102 

XCV. - - - -102 

XCVI. - - - 102 

xcvn. - - - - ias 

XCVHI. - - - - 103 

XCIX. - - - - - 104 

C. - - - - - 104 

CI. 104 

en. 105 

XXV. SUB-ACETATE OF LEAD 105 

Is a test for mucous, or animal mucilage, and for discrimi- 
nating it, in the analysis of animal fluids, from gelatine, with 
which it has been so often confounded — also useful for sepa- 
rating extractive and colouring matter from wines, and vinous 
liquors. 

EXPERIMENT CHI. - - - - - 106 
CIV. - - - 110 

XXVI. MURIATE OF PLATINA 110 

Is a capital re-agent for discriminating potash from soda — 
conditions to render its power energetic. 

EXPERIMENT CV. - - - - 110 

CVI. - - - - 111 

CVH. - - - - 111 

1 cvm. - - - -in 



CONTENTS. Xlii 

XXVn. GREEN SULPHATE OF IRON HI 

Is used for detecting the presence of oxigen gas in mineral 
waters — also as a test for detecting gold — and palladium. 

EXPERIMENT CIX. - - , . - 112 

CX. 113 

XX VIII. ARSENIOUS ACID 113 

Indicates sulphuretted hydrogen gas, and sulphurets in ge- 
neral — further use of this test. 

EXPERIMENT CXI. - - - - 114 

XXIX. MURIATE OF GOLD 114 

Is used as a test for tin — and for detecting albumen — is of 
no great value for the latter purpose. 

XXX. SULPHATE OF COPPER 114 

Is a test for arsenic — observations with regard to its effects 
— remarks of Dr. Bostock. 

EXPERIMENT CXH. - - - - 115 

XXXI. MURLVTE OF LIME 116 

Detects alcaline carbonates — also useful in the analysis of 
vegetable substances — and for strengthening alcohol. 

XXXII. BENZOATE OF AMMONIA 117 

Is an useful agent for separating iron from manganese— 
from nickel — cobalt — zinc, &c. — and from all earthy salts — 
conditions to render its effects unequivocal. 

XXXin. WATER IMPREGNATED WITH SUL- 
PHURETTED HYDROGEN GAS 119 

Precipitates most of the genera of metals from their acid 
solutions — has no action on earths, a few excepted — obser- 
vations on its effects. 

EXPERIMENT CXm. - - - - 121 

CXIV. - - - 121 

CXV. - - - 121 

(2) 



XIV CONTENTS. 

EXPERIMENT CXVI. - - - - 121 

CXVII. .... 121 

cxvm. - - - - 122 

XXXIV. TINCTURE OF GALLS 122 

Is an excellent test for detecting iron — observations on its 
effects. 

EXPERIMENT CXIX. - - - - 124 

CXX. - - - -125 

CXXI. - - - 125 

CXXII. - - - - 127 

XXXV. SULPHATE OF COPPER AND AMMONIA 127 
A test for arsenic. 

EXPERIMENT CXXHI. - - - - 127 

CXXIV. - - - - 128 

XXXVI. SUB-BORATE OF SODA 

Is a capital flux for the blowpipe — also useful in the analy- 
sis of argillaceous stones. 

XXXVII. SUB-MURIATE OF TIN 128 

Is a test for platina — gold — and for albumen. — Observations 
on its power — important remarks of Mr. Phillips. 

EXPERIMENT CXXV. - - - - 129 

CXXVI. - - - - 130 

CXXVU. - - - - 131 

XXX VIII. LIQUDD AMMONIA 131 

Is a test for copper — nickel — and useful for discriminating 
salts with a base of lime from those of magnesia — to separate 
iron from manganese — precautions to be observed in the ap- 
plication of this re-agent. 

EXPERIMENT CXXVIII. - - 136 

CXXIX. - - - - 136 

CXXX. - - - 137 

CXXXI 137 



CONTENTS. XV 

XXXIX. OXALATE OF AMMONIA 138 

Is a specific test for lime in any soluble combination — de- 
tects the 42,250th part of this earth — precautions to render 
its effect decisive. 

EXPERIMENT CXXXII. - - - - 139 

CXXXIU. - - - 140 

CXXXIV. - - - - 140 

CXXXV. - - - 141 

CXXXVI. - - - - 141 

XL. PRUSSIATE OF POTASH 141 
Precipitates most of the metals from solutions in acids — is 
chiefly used as a test for iron — precautions to ensure accurate 
results. 

EXPERIMENT CXXXVH - - • - 143 

CXXXVIII. .-- 144 

— CXXXIX. - - - - 144 

CXL. - - - - 145 

. CXLI. ... - 145 

■ CXLH. - - - - 146 

— CXLIII. - - - - 146 

_ CXLIV. - - - - 146 

. CXLV. - 147 

CXLVI. - - - - 147 

. CXLVH. - - - - 147 

— CXL VIII. - - - - 147 

_ CXLIX. - - - - 148 

XLI. PRUSSIATE OF AMMONIA 150 

Is particularly useful in the analysis of certain classes of 
salts, with alcaline and metallic bases— advantages of its ap- 
plication. 
XLII. PRUSSIATE OF MERCURY 151 

Is a delicate test for palladium. 
XLm. BARYTIC WATER I 52 

Is a test for carbonic acid— and sulphuric acid and all its 
soluble compounds— likewise employed for separating- stron- 



XVI CONTENTS. 

tia from barytes — precautions to be observed in its applica- 
tion — also useful for purifying rain water so as to render it fit 
for chemical purposes — preparation of it. 

EXPERIMENT CL. - - - - - 153 

CLI. - - - - 153 

CLII. - - - - 153 

CLIII. - - - - 154 

CLIV. - - - 154 

CLV. - - - - 155 

XLIV. MURIATE OF BARYTES 156 

Is a test for sulphuric acid in all its soluble combinations — 
conditions to render its action unequivocal — further observa- 
tions on its effects — remarks of Mr. Hume. 

EXPERIMENT CLVI. - - - - 158 

CLVII. - - - - 158 

CLVIII. - - - - 158 

XLV. ACETATE OF BARYTES 159 

Is also a test for sulphuric acid and all its soluble com- 
pounds — very useful for ascertaining the nature and quantity 
of alcalies, and alcaline sulphates, in fluids. 

EXPERIMENT CLIX. - - - - 160 

CLX. - - - - 160 

CLXI. - - - - 160 

XLVI. NITRATE OF BARYTES 161 

Is a test for detecting sulphuric acid — useful for discover- 
ing the presence of alcalies when contained in fossils. 

XLVI1. MURIATE OF ALUMINE 161 

Is a test for carbonate of magnesia. 

XLVIH. SUCCINATE OF AMMONIA 162 

Is a test for iron, and for readily ascertaining its quantity — 

and for separating it from manganese — conditions to render 
its action positive. 

EXPERIMENT CLXII. - - - 162 



CONTENTS. XVU 

XUX. SOLUTION OF STARCH 163 

Is a capital test for detecting iodine — indicates the 

l-450,000th part of iodine in a liquid — observation on its 

effect. 

L. SULPHATE OF SODA 164 

May be used as a test for detecting lead — observations on 

its effects. 

EXPERIMENT CLXIH. - - 165 

LI. CARBONATE OF AMMONIA 165 

Is employed for separating yttria and gluzine — further 
use of this salt. 
LII. FLUATE OF AMMONIA 166 

Is recommended as a test for lime — cannot be depend- 
ed on. 

Lin. ALCOHOL 166 

Is particularly useful in the analysis of mineral waters, to 
separate certain classes of salts — also for detecting the adul- 
teration of essential oils. 

EXPERIMENT CLXIV. - - - - 167 

CLXV. - - - - 167 

CLXVI. - - - - 169 

LIV. SOLUTION OF SOAP 170 

Is employed for ascertaining the comparative hardness of 

water — or the presence of earthy and metallic salts — is not 
discriminative. 

EXPERIMENT CLXVH. - - - - 170 

CLXVm. - - - 170 

CLXIX. - - - - 171 

CLXX. - - - - 171 

CLXXI. - - - -172 

LV. WINE TEST 172 

Is recommended chiefly for discriminating iron from lead 
when contained in wine or other fluids — cannot be depend- 
ed on. 2-2 



XV111 CONTENTS. 

LVI. ZINC 173 

Is chiefly employed for separating copper, lead, and other 
metals, in a metallic state, from their acid solutions — obser- 
vation on its effect. 

EXPERIMENT CLXXII. - - - - 17S 

CLXXIII. - - - - 173 

CLXXIV. - - - - 175 

CLXXV. - - - - 176 

CLXXVI. - - - - 176 

LVI1. IKON 177 

Precipitates copper, antimony, tellurium, and other metals, 
in a metallic form, from their acid solutions. 

EXPERIMENT CLXXVII. - - - 177 

LVIU. TIN 177 

Detects the presence of gold. 

EXPERIMENT CLXXVIH. - - - 177 

LIX. COPPER 178 

Precipitates silver in a metallic state — observation on its 

effects. 

EXPERIMENT CLXXIX. - - - - 179 

— CLXXX. - - - - 179 

XX. QUICKSILVER AND SILVER LEAF 180 

Discovers minute portions of sulphurets — and sulphuretted 
hydrogen gas. 

EXPERIMENT CLXXXI. - - - 180 

LXI. FLUXES FOR THE BLOWPIPE 180 

Their nature, use, and effects. 
LXII. BLOWPIPE 183 

Utility of this instrument — art of using it. 
EXPERIMENT CLXXXII. - - - - 186 

LXUI. WATER IMPREGNATED WITH CARBONIC ACID 
GAS, OR LIQUID CARBONIC ACID 194 

Description of an extemporaneous apparatus for impregna- 
ting water with sulphuretted hydrogen gas. 
LXIV. WATER IMPREGNATED WITH SULPHURET- 
TED HYDROGEN GAS, OR LIQUID SULPHURET- 
TED HYDROGEN 197 
Method of preparing it. 



LIST OF SUBSTANCES 

For which there exist any appropriate tests with 
references to the manner in which they are de- 
tected. 



ACIDS IN GENERAL. 

TESTS — Tincture of Litmus, page 30, 37 — Tincture of 
Red Cabbage, 43 — the same Tincture rendered 
green by an alcali — Turmeric paper rendered brown 
by an alcali, 50. 

ACID, BORACIC. 

TEST— Super-Acetate of Lead, 101. 

CARBONIC. 

TESTS— Tincture of Litmus, 30 37 — Sulphuric acid, 51, 
53 — water 80 — Barytic water, 152 — concentration 
by boiling, 31. 

CHROMIC. 

TEST— Nitrate of Silver, 78. 

ACID FLUORIC. 

TEST— Corrodes glass, 52, 55. 

GALLIC. 

TESTS— Sulphate of Iron, 111— and Salts of Iron in 
general. 

MURIATIC. 

TESTS— Nitrate of Silver, 77— Acetate of Silver, 86— 
Sulphate of Silver, 88— Sub -Nitrate of Mercury, 75 
Super-acetate of Lead, 99 — sulphuric acid, 51, 



XX LIST OF SUBSTANCES. 

OXALIC. 

TESTS— Muriate of Lime, 116— Solutions of lime in 
general. 

PHOSPHORIC. 

TESTS— Sub-Nitrate of Mercury, 75, 76— Super-Acetate 
of Lead, 99. 

SULPHURIC. 

TESTS— Barytic water, 152— Muriate of Barytes, 156— 
Acetate of Barytes, 159 — Nitrate of Barytes, 161 — 
Super-acetate of Lead, 99 — Sub-nitrate of Mer- 
cury, 75. 

ACID URIC. 

TEST— Nitric acid, 58. 

ALBUMEN. 

TESTS— Oxy-Muriate of Mercury, 71— Muriate of gold, 
114— Sub-Muriate of Tin, 129. 

ALCALIES IN GENERAL. 

TjESTVS^Tincture of Cabbage, 43— Tincture of Turmeric 
47 — Turmeric paper, 47 — Litmus paper reddened 
by an acid, 39 — Oxy-Muriate of Mercury, 71 — 
Tincture of Brazil wood, 44 — Brazil wood paper, 45. 

ALUMINE. 

TEST— Nitrate of Cobalt, 98, 99, 

AMMONIA. 

TESTS— Muriatic acid, 61— Oxy-Muriate of Mercury, 72 
Nitrate of Mercury, 75. 

ANTIMONY. 

TESTS— Liquid Sulphuretted hydrogen, 119. 

ARSENIC. 

TESTS— Sub-Nitrate of Silver, 78— Liquid Sulphuretted 
hydrogen, 119— Sulphate of Copper, 114— Sulphate 
of Copper and Ammonia, 127. 



LIST OF SUBSTANCES. XXI 

AZOTE COMBINED. 
TEST— Nitric acid, 57. 

BARYTES. 

TESTS — Sulphuric acid, 51 — Sulphates in general. 

BORACIC ACID. 

TEST— Super-acetate of Lead, 101. 
CARBONATES in general. 

TEST— Sulphuric acid, 51. 

CARBONATED alcalies. 

TESTS— Litmus paper reddened with an acid, 39 — Tinc- 
ture of Brazil wood, 44 — Tincture of Cabbage, 44 — 
Muriate of Lime, 116. 

CARBONATED earths, with excess of 

Carbonic Acid. 
TESTS -Precipitation by boiling and evaporation, either 
wholly or partially, 31 — Tincture of Brazil wood, 
44 — Litmus paper reddened by an acid, 22. 

COBALT. 

TEST— Forms by fusion a blue glass with borax, 186. 

COPPER. 

TESTS— Liquid Ammonia, 131 — Carbonate of Ammonia, 
165— polished Zinc, 173— Iron, 177. 

CORROSIVE SUBLIMATE. 

TEST— Zinc and Gold arranged as a Galvanic circle, 177. 

FLUATS. 

TEST— Sulphuric acid, 52. 

GELATINE animal. 
TEST— Tan, 96. 

GLUTEN. 

TEST— Acetic acid, 67 



XX11 LIST OF SUBSTANCES. 

GOLD. 

TESTS— Green Sulphate of iron, 111— Sub-Muriate of 
TIN, 128— Tin, 177. 

HYDRO-SULPHURETS in general. 

TEST— See Sulphuretted Hydrogen Gas. 

IODINE. 

TEST— Starch, 163. 

IRON IN GENERAL. 

TESTS— Tincture of Galls, 122— Prussiate of Potash, 141 
— Succinate of Ammonia, 162. 

IRON dissolved in Carbonic Acid. 

TESTS— Precipitation by boiling and evaporation, 125, 

144. 

LEAD. 

TESTS — Muriatic acid, 67 — Liquid sulphuretted hydro- 
gen, 119 — Sulphate of soda, or of potash, 164 — 
Zinc, 173. 

LIME IN GENERAL. 

TESTS — Liquid carbonic acid — Air from the lungs, 92 — 
Oxalic acid, 67 — Oxalate of ammonia, 138. 

LIME dissolved by Carbonic Acid. 

TESTS — Tincture of litmus, 30 — Litmus paper reddened 
by vinegar, 39 — Tincture of Brazil wood, 44— Oxa- 
lic acid, 67 — Oxalate of ammonia, 138 — Precipita- 
tion on boiling, 31. 

MAGNESIA. 

TESTS — Phosphate of soda, 88 — Liquid ammonia, 193. 
MAGNESIA dissolved by Carbonic Acid. 
TEST — Precipitation partially on boiling liquid ammo- 
nia, 133. 



LIST OF SUBSTANCES. XX1U 

MANGANESE. 

TESTS — Muriatic acid, 61 — yields a violet coloured glass 
when fused with borax, 186. 

MERCURY IN GENERAL. 

TEST— Galvanic circle of Gold and Lime, 176. 

MURIATES IN GENERAL. 

TESTS— Nitrate of Silver, 77— Acetate of Silver, 86— Sul- 
phate of Silver, 88 — Sub-Nitrate of Mercury, 75 — 
Super-Acetate of Lead, 99. 

MUCOUS. 

TEST— Sub-Acetate of lead, 105. 
NITRATES IN GENERAL. 
TEST— Sulphuric acid, 52. 

NITROGEN. 

TEST— Nitric acid, 57. 

NICKEL. 

TEST — Ammonia, and Zinc, 131. 

OXYGEN GAS in mineral waters. 

TEST— Green Sulphate of Iron, 112. 

OXY-MURIATE OF MERCURY. 

TEST— Lime water, 89— Zinc with Gold, 176. 

PLATINA. 

TEST— Muriate of Ammonia, 68— Sub-Muriate of Tin, 128. 
PALLADIUM. 

TEST— Prussiate of Mercury', 151. 
POTASH AND ITS SALINE COMPOUNDS. 

TEST— Muriate of Platina, 110— Tartareous acid, 63 — 
Acetate of Barytes, 160, with the sulphate— and 
acetate of Silver, 86, with the Muriates t 



XXIV LIST OF SUBSTANCES. 

SILVER. 

TEST— Muriatic acid, 61 — all the muriates, 

STARCH. 

TEST— Iodine, 162— Nitric acid, 56. 

STEEL. 

TEST— Nitric acid, 58. 

SULPHATES IN GENERAL. 

TEST— Bavyt\c water, 152— Muriate of Barytes, 156 — Ni- 
trate Barytes, 161 — Acetate Barytes, 159 — Super- 
Acetate of Lead, 99— Alcohol, 166. 

SULPHURETS and sulphuretted hydrogen 

GASS. 
TEST— Silver leaf, 180— Quicksilver, 180— Nitrate of Sil- 
ver, 78 — Super-acetate of Lead, 101 — Arsenious 
acid 113— Foetid odour — Tincture of Litmus, 30. 

TAN. 

TEST— Animal Jelly, 96. 

TELLURIUM. 

TES T— Tincture of Galls, 124. 

TIN. 

TEST— Sub-Muriate of Gold, 114 — Muriate ofPlatina, 110. 

ZINC. 

TEST— Liquid Ammonia, 133. 



PRACTICAL ESSAY, ^c. 



DEFINITION AND GENERAL NATURE 
OF CHEMICAL TESTS. 

Chemical tests, or Re-agents, are called those 
substances, which, when applied to other bodies, the 
nature or composition of which are unknown, quick- 
ly act upon them, and produce such changes as are 
sufficiently striking to the senses, and from which the 
quality or nature of the unknown body may be in- 
ferred. 

As the chemical affinities of bodies towards each 
other are various, the constituent parts of compound 
bodies may be easily disengaged by other substan- 
ces ; and it is upon this consideration that the action 
of all the Re-agents or tests employed by chemistry 
in its analysis is founded. For the great object of 
acquiring a knowledge of the chemical nature of bo- 
dies consists in separating their component parts ; 
but this is seldom practical, without, at the same 
time, uniting them to another body, and it is this 
that leads to the object in view, namely, the know- 
(4) 
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ledge of the composition of the substance under ex- 
amination. It is thus that Re-agents frequently 
act. The test combines with some principle of the 
body with which it is brought into contact; and a 
compound arises, whose characters at once indicate 
to us the nature of the principle which has entered 
into combination, because the combinations of the 
principal Re-agents with various bases are well 
known. Sometimes the Re-agent displaces from the 
body under examination certain constituent parts or 
principles only ; which in that state may be exam- 
ined more accurately, and with less trouble, because 
insulated and disengaged from their combinations. 

It likewise frequently happens, that the Re-agent 
made use of is itself decomposed, which circum- 
stance renders the phenomena and the products more 
complicated ; but we are enabled from the characters 
of these products, and their actions upon other bo- 
dies, to form a judgment of the component parts of 
the body analysed. This last fact was little attend- 
ed to by the ancient chemists ; and this is one of 
the principal defects of their labours ; because they 
referred many of those phenomena to the bodies 
which they submitted to their analysis, which in re- 
ality arose only from the decomposition of the Re- 
agents employed in their operations. 

Most of the tests employed in the processes of 
chemistry indicate the component parts of bodies, 
by occasioning either a precipitate, a sensible cloudi- 
ness, a change of colour, an effervescence, or such 
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other alterations of properties, as experience has 
proved denote the presence or absence of certain 
bodies. 

It may be readily conceived, that a vast variety of 
substances, provided their chemical actions be well 
established, may serve as Re-agents or tests, and 
that even no compound is useless to a skilful chem- 
ist in his analytical operations. But by long search 
and experience we have learnt to make a choice of 
some particular bodies only, the effects of which are 
rapid, and the application of which requires no skill, 
and to these bodies the name of Re-agents, or tests, 
has been given by mutual consent. 

There are, however, two circumstances, which ren- 
der it necessary that the substances used as tests 
should be applied with care and circumspection j 
one is, that the same body used as a Re-agent fre- 
quently produces a similar apparent effect, on two, 
three, or more different matters contained in the 
compound to which it is presented ; the other, that 
one Re-agent may produce several of those effects 
with one and the same substance. Both these in- 
conveniences may be remedied, by employing and 
comparing the effects of several of the Re-agents, 
and by assisting their action by other agencies, calcu- 
lated to render the results unequivocal. This mode 
of proceeding, the only one that can render the use of 
chemical tests much more certain and advantageous, 
therefore supposes that we do not precisely fix certain 
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specific tests for certain specific substances under all 
circumstances, and that we take the facts we are in 
search of, from the united effects produced by the sum- 
mary action of several tests, applied under different 
circumstances, as will be pointed out in the sequel. 
The application and importance of the substances 
made use of, as Re-agents, was first pointed out by 
the illustrious Boyle. It had long before been known, 
indeed, that the blue colour of violet flower was red- 
dened by sulphuric acid, lemon juice, and vinegar ; 
but this philosopher proved that the reddening pro- 
perty belonged to all acids, and that it was a leading 
property which characterises this class of bodies. 
He was also the first who observed that alcalies ren- 
der the blue colour of vegetables green, which he in- 
stances in the juice of the flowers of the blue-bell, 
and the blue Iris. He mentions the effect of volatile 
alcali or ammonia, in producing a blue transparent 
fluid, with solutions of copper, and he relates that 
the colour of rose leaves is destroyed by the fumes 
of burning sulphur or sulphurous acid ; but height- 
ened by sulphuric acid. That water tinged red 
with Brazil wood becomes yellow by acids, and that 
alcalies restore the original colour of the tincture : 
that silver is precipitated from its solutions by com- 
mon salt and sulphuric acid, and that the precipitate 
is blackened on exposure to the rays of the sun, or 
the mere light of day. That sulphate of mercury 
acquires a yellow colour by the affusion of boiling 
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water ; that quicksilver dissolved in nitric acid oc- 
casions an orange coloured precipitate with fixed al- 
calies, and that metals and metallic solutions become 
blackened by sulphurets of all kinds. He also points 
out the effects of lime water, and acetate of lead, as 
tests for various bodies, and he describes the com- 
pounds which they produce. 

Soon afterwards, namely, in the year 1665, M. 
Duclos employed tincture of galls, sulphate of iron, 
and tincture of litmus, as Re-agents in the analysis 
of some mineral waters of France ; and made some 
useful critical remarks on the golden colour given to 
silver by sulphureous waters, and on other Re-agents 
which had begun to be employed, and recommend- 
ed by Boyle. 

In 1685 Boyle again gave some new instructions 
for using the tests which he had pointed out in the 
year 1663, and he strongly recommended his fu- 
ming liquor (hydro-sulphuret of ammonia,) as a test 
useful in the analysis of mineral waters ; as well as 
solutions of sea salt, sal ammoniac, nitric acid, mu- 
riatic acid, and ammonia, which he extolled as de- 
serving the notice of the chemist. And from that 
period chemical re-agents were employed, but the 
conclusions drawn from their effects were long in- 
accurate and erroneous. 

The list of chemical Re-agents, however, has been 
greatly augmented by the labours of modern che- 
mists, and we are particularly indebted to Bergman, 
Scheele, Kirwan, and Westrumb,for the knowledge 
4-2 
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of the particular actions of numerous Re-agents, and 
the modes of applying them with success in the mul- 
tifarious researches of chemical science. 

The following are the most essential tests now 
made use of in chemistry. 

LIST OF CHEMICAL TESTS. 

I. TINCTURE OF LITMUS. 

This test is employed for detecting the presence 
of uncombined acids, by which it becomes changed 
to red ; its natural colour being a dark blue, inclin- 
ing to purple. If the redness vanishes by suffering 
the fluid to stand exposed to the open air, or when con- 
centrated by boiling, and re-appears by a fresh addi- 
tion of a portion of the fluid, we then are sure that 
the acid is either carbonic acid gas, or sulphuretted 
hydrogen gas ; a substance which, in this, as well as 
in every other case, performs the function of an acid. 
If the redness is produced by carbonic acid gas, the 
fluid becomes immediately turbid by the admixture of 
barytic water, and a precipitate falls down, which is 
soluble with effervescence in pure dilute muriatic or 
nitric acid. But if the redness is owing to sulphu- 
retted hydrogen gas, no precipitate takes place, and 
this forms a decisive criterion to distinguish the ac- 
tion of carbonic acid gas upon litmus, from that of 
sulphuretted hydrogen gas. Besides, a fluid con- 
taining sulphuretted hydrogen gas, even when the 
portion of the gas is very small, always exhales a 



ON CHEMICAL TESTS. 31 

strong foetid odour, resembling that of putrid eggs. 
A drop of nitrate of silver, super-acetate of lead, or 
muriate of bismuth, render it instantly black, but no 
such effect is produced with carbonic acid gas. 

If the reddened tincture of litmus does not become 
blue again, after it has been suffered to stand exposed 
to the free contact of air, or, better, when it has been 
concentrated by boiling to about one half of its origi- 
nal bulk, we are then sure that the redness is occa- 
sioned by a fixed acid, the nature of which may be 
ascertained by other tests ; as will be pointed out 
hereafter. 

EXPERIMENT I. 

Into a test tube* half filled with distilled water, 
let fall a drop or two of tincture of litmus ; the blue 
colour of the tincture will not be altered. 

EXPERIMENT II. 

Add to a wine-glass full of distilled water impreg- 
nated with carbonic acid gas, (for the mode of pre- 
paring this water, see index, or take common seltzer 
water of commerce,) a small quantity of the tincture 

* Test tubes are called glass tubes, three or four inches long", 
and from 1-2 inch to 3-4 of an inch in diameter, closed and 
rounded off at one end, and open at the other, with a rim a little 
turned over, to pour liquids out from them conveniently. They 
are useful for observing the changes of colour, and the pheno- 
mena produced by the action of chemical tests, as well as for 
dissolving solids, precipitating solutions, &c. A series of these 
tubes are usually kept in the Laboratory, arranged in a wooden 
stand ; and are of great utility to the chemical operator. They 
will bear heat without cracking. 
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of litmus, its colour will become changed to red. Put 
the water into one of the evaporating basins contain- 
ed in the chest, place the basin on the ring over the 
lamp-furnace, and evaporate it, by the heat of the 
spirit lamp, to about one-third or one-half of its bulk. 
The tincture will, during this process, recover its 
original blue colour, because the carbonic acid gas 
becomes volatilized, and the litmus is left behind in 
its natural state. 

EXPERIMENT III. 

To show the extreme sensibility of this test, with 
regard to carbonic acid ; let a few ounces of distill- 
ed water be tinged slightly blue, by tincture of lit- 
mus, and blow, through the coloured water, the 
breath from the lungs, by means of a quill or tobac- 
co-pipe, dipping into the fluid. The bubbles of air, 
expired, whilst passing through the water, will 
speedily produce the reddening effect ; though the 
quantity of carbonic acid gas, contained in the air 
breathed out from the lungs, does amount only to 8 
or 8 1-2 per cent. If the water thus reddened be 
boiled, its original blue colour will re-appear, as in 
the before mentioned experiment. 

EXPERIMENT IV. 

Let fall into a test tube half filled with distilled 
water, a drop of lemon juice, vinegar, or any of the 
acids contained in the chest, and add to the mixture 
a few drops of tincture of litmus ; the tincture will 
instantly become changed to red ; boil this fluid as 
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before directed, and its colour will not vanish, but 
remain permanent, because the redness is owing to 
a fixed acid. 

EXPERIMENT V. 

Add to the same quantity of distilled water, a grain 
of allum, salt of sorrel, or cremor tartar ; no change 
will take place ; but if a few drops of tincture of lit- 
mus be added, the fluid instantly becomes red j be- 
cause these salts contain a portion of a free or un- 
combined acid. 

EXPERIMENT VI. 

Impregnate distilled water with sulphuretted hy- 
drogen gas, (see index the article sulphuretted hydro- 
gen) and add to half a wine glass full of it a little 
tincture of litmus. The fluid will exhibit a red co- 
lour ; boil the reddened tincture, and it will be seen 
that it first loses its colour, or nearly so ; but on 
continuing the heat, the fluid will become blue again ; 
because the sulphuretted hydrogen gas is now vola- 
tilized. 

EXPERIMENT VII. 

To contrast the action of sulphuretted hydrogen 
gas, with that of carbonic acid gas, upon tincture of 
litmus, provide two test tubes containing dilute tinc- 
ture of litmus reddened by carbonic acid, and two 
other tubes half filled with the same tincture, redden- 
ed with sulphuretted hydrogen gas. Drop into one 
of the first tubes, containing the carbonic acid water, 
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a little barytic water, which immediately will produce 
a cloudiness, which again disappears by the addition 
of dilute nitric acid ; and in the other tube contain- 
ing the same tincture, let fall a few drops of nitrate 
of silver, which will produce no effect. This being 
done, drop barytic water also into one of the tubes 
containing the tincture of litmus reddened by sul- 
phuretted hydrogen gas, no precipitate will follow, 
and if nitrate of silver be dropt into the other tube, 
a black precipitate will instantly be produced. 

It is often better, particularly in the examination 
of mineral waters, not to content ourselves with add- 
ing a few drops of the test to a small quantity of the 
liquid, but to treat the mineral water with the Re- 
agents in the large way ; by so doing we are enabled 
to observe the phenomena which the test produces 
more distinctly, whilst at the same time, when a pre- 
cipitate is produced, as is frequently the case, we ob- 
tain of it, a quantity more convenient for extending 
our examination. 

The following method of employing tincture of 
litmus in the analysis of mineral waters is recom- 
mended by Dr. Philips Wilson, in his analysis of 
the malvern waters ; it shows the superiority of the 
application of chemical tests in the large, wherever 
the nature of the subject will admit of it. 

EXPERIMENT VIII. 

Let two glass basins of the same size, with cylin- 
drical sides and flat bottoms, of at least four inches 
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diameter and three inches high (finger glasses, such 
as are used at table,) be placed on a sheet of white 
paper, and another sheet of white paper placed behind 
them, and let the observer stand between the glasses 
and the side from which the light comes, that he may 
receive the incident light reflected from behind and 
below the glasses. Let one of the basins be filled to 
about one or two inches in height with the water or 
liquid in which we suspect the presence of an acid, 
and let the same quantity of distilled water be put 
into the other glass basin, and to each let the same 
number of drops of tincture of litmus be added, tak- 
ing care that the quantity of litmus be no more than 
is sufficient to give the slightest tinge, to show de- 
cidedly the purple blue colour in the distilled water. 
By comparing the colour of the water in the two ba- 
sins, a very minute quantity of acid may thus be de- 
tected, especially by a person accustomed to use the 
test in this way. 

Mr. Kirwan could not discover more than 1-12,000 
of sulphuric acid by litmus. By the foregoing mode 
of using this test, it is rendered many times more 
sensible, as will appear from the following experi- 
ment. 

EXPERIMENT IX. 

To two ounces of water, sulphuric acid was add- 
ed in the proportion of 1 to 307200. This was put 
in one of the glass basins placed as above ; and in 
the other basin, two ounces of water, which, from 
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previous experiments, had been found did not affect 
the colour of litmus. On dropping into both basins 
the same quantity of the test, the colour was sensibly 
redder in the basin which contained the acid than in 
the other ; the difference was such as could be readi- 
ly observed by a person accustomed to make such 
experiments. 

When the acid was not diluted in the proportion 
of 1 to 460800, no difference of shade could be ob- 
served. The specific gravity of the acid employed by 
Dr. Wilson was 1,85. which is the usual strength of 
the acid of commerce, so that one grain of this acid 
contained 0,7946 grains of real acid, as nearly as can 
be ascertained from Kirwan's table of the specific 
gravity of sulphuric acid mixed with different pro- 
portions of water, and hence it therefore appears, 
that 0,7946 grains of sulphuric acid may be detected 
by the litmus, when used in the manner stated, in 
307200 grains of water, so that one grain of real sul- 
phuric acid may be detected by this test in 386597 
grains or 50,33 pints of water. 

Tincture of litmus, when kept for several months, 
in a stopt bottle, loses its colour, and acquires an olive 
brown tint ; but it speedily regains its original blue 
colour, when the bottle is opened, and suffered to stand 
exposed to the air for a few minutes. If the colour of 
this tincture inclines too much to purple, add to it a 
few drops of liquid ammonia, but of this fluid no more 
must be mixed with the tincture, than is barely suf- 
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ficient to produce the desired effect, otherwise the 
sensibility of the test is impaired. 

II. LITMUS PAPER. 

Paper stained with tincture of litmus is also used 
as a test for detecting acids, in an uncombined state, 
by all of which it is reddened. If the redness is oc- 
casioned by carbonic acid gas, the paper, like the 
tincture with which it is stained, regains its original 
colour on drying, or by exposure to a gentle heat ; 
whereas all other acids redden it permanently. 

Water impregnated with sulphuretted hydrogen 
gas likewise produces an evanescent feeble redness 
with the rest. 

EXPERIMENT X. 

Dip a piece of litmus paper into distilled water, 
and its blue colour will not be altered. 

Dip a piece of the same paper into water impreg- 
nated with carbonic acid gas, (or into common selt- 
zer of commerce) the water will acquire a reddish 
tint, and in a few minutes the blue colour of the pa- 
per will also be changed to red. Remove the paper 
and dry it near a fire, and its original colour will re- 
appear, because the carbonic acid which produced 
the redness is volatilized. 

EXPERIMENT XI. 

Add a few drops of sulphuric, nitric, or muriatic 
acid, to half a wine glass full of distilled water, and 

VOL. I. D 
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dip into the fluid a slip of litmus paper. Its blue 
colour will in a like manner be changed to red. 

Take the paper out of the water and dry it in a 
warm place ; its original blue colour in this case will 
not re-appear, because the acid which produced the 
redness cannot be volatilized by mere heat. 

EXPERIMENT XII. 

Immerse a slip of litmus paper into any sort of 
wine, cider, perry, ale, porter, or other kind of fer- 
mented liquor, its blue colour will become changed 
to red, because all vinous fluids, even the mildest, 
contain a portion of a free acid ; some more, others 
less. The paper thus reddened will not become blue 
again on exposure to heat. The redness occasioned 
by vinous liquors in tincture of litmus, is owing to 
the presence of citric, tartaric malic, or acetic acid. 

EXPERIMENT XIII. 

Dip a piece of litmus paper into water strongly 
impregnated with sulphuretted hydrogen gas ; its 
blue colour will gradually be changed to a faint red, 
dry the paper, and its original colour will re-appear. 

Paper stained with the juice of the violet flower, 
or the scrapings of purple raddishes, answers the 
same purpose. 

The colour of litmus paper ought to be a pale, not 
dark, violet blue. This paper, when long kept ex- 
posed to the contact of air and light, loses its co- 
lour, and then becomes unfit for use. It should there- 
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fore be preserved in opake stopped bottles, or placed 
between the leaves of a book. 

Litmus paper is readily prepared, by dipping fine 
writing paper into tincture of litmus, and suffering it 
to dry slowly. The paper employed should first be 
freed from the portion of glue, alum, and other for- 
eign matters, which all writing paper contains, which 
may be done by a repeated affusion of distilled water. 

This test paper is reddened by water, containing 
1-4695 part of sulphuric acid. 

III. LITMUS PAPER REDL>ENED BY 
VINEGAR. 

Litmus paper when slightly reddened by an acid, 
has its blue colour restored by alcalies, their carbo- 
nates, and alcaline earths, because the acid which 
caused the redness is again neutralised, and conse- 
quently its action destroyed ; so that in this instance, 
as usual, acids and alcalies are in direct opposition to 
each other, the acid restoring the colour to its origi- 
nal state, after it has been changed by the alcali, and 
vice versa. A single coloured test paper of litmus 
becomes therefore a delicate test, for both acids and 
alcalies. 

To know whether the effect which this paper suf- 
fers be owing to an alcali, or to lime, dissolved in 
carbonic acid, it is necessary that the fluid be evapo- 
rated to at least one half of its original bulk, before 
the test paper is applied ; because the excess of car- 
bonic acid, with which lime can only exist in sola- 
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tion, becomes then volatilized, and the lime combin- 
ed with a smaller portion of carbonic acid can no 
longer exist in the liquid, but is precipitated in the 
form of a white powder, or neutral carbonate of lime : 
the heat applied having annihilated the bond of union 
which existed between the neutral carbonate of lime, 
and the excess of carbonic acid. 

But if the blue colour of this paper still contin- 
ues to re-appear, after the liquid has been concen- 
trated by boiling, there is then reason to believe, that 
the reddening cause is owing to a fixed alcaline salt. 
The nature of which may be discovered by tests em- 
ployed for discovering these bodies ; and the action 
of barytes and strontia may be rendered obvious by 
other means. 

EXPERIMENT XIV. 

To one quarter of a pint of distilled water, strong- 
ly impregnated with carbonic acid gass, (or to com- 
mon seltzer water) add about 15 or 20 grains of 
finely pulverised white marble or chalk ; let the mix- 
ture stand for some hours closely corked, and shake 
the bottle frequently during that time. Part of the 
calcareous earth, of the marble or chalk, will become 
dissolved in the water. When the fluid has become 
clear, decant part of it, or better filtre it, and im- 
merse into the solution a piece of litmus paper red- 
dened by an acid ; the tint of the paper will gra- 
dually vanish, and its original blue colour will re-ap- 
pear 
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EXPERIMENT XV. 

Take another portion of the same water, and eva- 
porate it, by means of the lamp-furnace, to at least 
one half of its bulk. During this process it will be- 
come turbid, a multitude of minute air bubbles will 
become disengaged, and the carbonate of lime, which 
was dissolved in the water by virtue of its excess of 
carbonic acid gas, becomes again precipitated in the 
form of a neutral carbonate of lime, when the excess 
of the carbonic acid is volatilized. 

When the precipitate has subsided let the water 
be filtred, and immerse into it a piece of reddened 
litmus paper ; the colour of which now will no lon- 
ger be altered. 

EXPERIMENT XVI. 

To a test tube full of distilled water, add a few 
grains of sub-carbonate of potash, soda, or any other 
alcali, and dip a piece of reddened litmus paper into 
this solution ; immediately the red colour of the pa- 
per will vanish, and its original blue colour will re- 
appear. Evaporate another portion of the same wa- 
ter to one half of its bulk, and examine it again with 
the reddened paper; notwithstanding the evapora- 
tion, the red colour will disappear, and the blue be 
restored. 

EXPERIMENT XVII. 

Dip a piece of litmus paper slightly reddened 
with an acid, into half a wine glass full of distilled 
d 2 
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water, to which previously a few drops of liquid 
ammonia have been added ; the red colour will va- 
nish, and the paper regain its original blue colour. — 
Remove the paper near a fire, the blue colour will 
now disappear, and the red colour become restored. 

EXPERIMENT XVIII. 

Litmus paper reddened by an acid has also its 
colour restored by alcaline earths, namely, by bary- 
tes, strontia, &c. as may be seen by dipping the pa- 
per into barytic water, &c. To discriminate whe- 
ther the change be owing to one of these bodies, or 
to the action of alcalies, or carbonate of lime with 
excess of carbonic acid, add to the solution, largely 
diluted with distilled water, a drop of sulphuric acid, 
which will occasion a precipitate if the effect be ow- 
ing to the presence of barytes or strontia, for these 
bodies instantly produce with sulphuric acid an inso- 
luble precipitate ; whereas carbonated alcalies, name- 
ly, potash, soda and ammonia, as well as lime, are 
not effected by it. 

This test paper also suffers a change after long ex- 
posure to air and light. It may be easily prepared 
by adding vinegar, or any other acid, to tincture of 
litmus, just in sufficient quantity, and no more, to 
change the blue colour of the tincture red, and then 
staining paper with it, as directed page 22 ; or by 
passing blue litmus paper through distilled vinegar. 
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IV. TINCTURE OF RED CABBAGE. 

This tincture, which is of a bright blue colour, is 
an exceedingly delicate test both for acids and alca- 
lies, when present in an uncombined or free state. — 
A very minute portion of any alcali changes its vi- 
vid blue colour to green, whilst acids turn it red. — 
The alcaline earths, barytes, strontia, and lime, here 
also act as alcalies. 

EXPERIMENT XIX. 

Add to half a wine glass full of tincture of red 
cabbage, a small quantity of the white of an egg, ei- 
ther in a liquid state, or rendered concrete by boil- 
ing. The tincture will lose its blue colour and be- 
come changed to green, because the white of the egg 
contains soda. 

EXPERIMENT XX. 

Let distilled water be tinged blue, by adding to it 
tincture of cabbage, and fill with this coloured fluid 
two test tubes. Drop into one of them a little lemon 
or orange juice, which will instantly change the blue 
colour red, and by adding the minutest quantity of 
subcarbonate of potash, or any other alcali (contain- 
ed in the chest,) to the other tube, the blue becomes 
changed to green. 

The action of barytes, strontia, and lime, need not 
to be illustrated, because they act precisely like alca- 
lies upon this tincture, and we are in possesson of ex- 
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cellent tests for discriminating these bodies, as will 
be seen hereafter. 

Tincture of cabbage is very liable to spoil ; it soon 
undergoes a kind of putrefaction, which destroys its 
colour. It is obtained by cutting fresh leaves of the 
red cabbage (brassica rubra) into small pieces, and 
pouring over it boiling-hot distilled water, and suf- 
fering the whole to macerate for a few hours. The 
clear fluid being then decanted and mixt with one- 
eighth of its bulk of spirit of wine, is fit for use. 

The cabbage leaves may be preserved for many 
years, by drying them in a warm place, at a temper- 
ature of about 120° F, having previously cut them 
into small pieces. 

To prepare the test liquor from the dry leaves, 
let them be digested in distilled water, to which a 
minute portion of sulphuric acid has been added, 
which will produce a red tincture. Then let the 
acid be neutralized by marble powder, the red colour 
will vanish, and the tincture become blue. This be- 
ing done, suffer the mixture to become clear by sub- 
sidence, or filtre it ; and lastly, mingle it with one- 
eighth of its bulk of spirit of wine. The test thus 
prepared keeps much longer than when obtained 
from the fresh leaves of the plant. 

V. TINCTURE OF BRAZIL WOOD, 

AND 

BRAZIL WOOD PAPER. 

Tincture of Brazil wood, which is of a fine dark 
red colour, becomes changed to violet or purple, by 
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alcalies, either in a pure state, or when combined 
with carbonic acid ; and also by alcaline earths. It 
is, however, liable to mislead, because a solution of 
magnesia, or calcareous earth, with excess of carbo- 
nic acid, produces a similar change. If, therefore, 
the test be employed in the analysis of a mineral wa- 
ter, containing supercarbonate of lime, or magnesia, 
these substances should first be got rid of, by concen- 
trating the water by boiling, or the excess of the 
carbonic acid which held these earths in solution 
flies off, and the neutral carbonates fall down, see 
page 23. If the test be then applied to the filtred 
water, we may know whether the change of colour is 
produced by a free or uncombined alcali, or by a 
carbonated earth. If by the former, the purple co- 
lour becomes more intense, because the evaporated 
water holds a greater quantity of alcali in solution 
than it did in its natural state ; but if the change be 
produced by a carbonated earth, the effect will be the 
reverse. Besides this, gypsum, or sulphate of lime, 
is also capable of altering the colour of this test. The 
paper coloured with tincture of Brazil wood is usu- 
ally employed instead of the tincture, it being more 
convenient for use. 

EXPERIMENT XXI. 

Into distilled water dip a piece of Brazil wood 
paper ; its red colour will not be altered. 
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EXPERIMENT XXII. 

Add to half a test tube full of the same water, a 
grain of subcarbonate of potash, or any other alcali, 
and into this solution immerse a slip of Brazil wood 
paper. Its red colour will instantly be changed to 
violet. 

EXPERIMENT XXIII. 

Dissolve into distilled water impregnated with 
carbonic acid gas, some calcareous earth, for exam- 
ple, powdered chalk, or marble, see page 40, and let 
the water stand to settle. Put into the clear solu- 
tion of carbonate of lime in carbonic acid, a piece of 
Brazil wood paper, and the red colour will gradually 
be changed to a very pale violet. 

Let another portion of the same water be evapo- 
rated to one half of its bulk, and when cold nitre it, 
and dip into the filtred fluid Brazil wood paper, 
which now no longer will suffer a change of colour. 

EXPERIMENT XXIV. 

Shake up for a few minutes, 20 or 30 grains of 
chalk or marble powder, with 2 or 3 ounces of dis- 
tilled water, to which previously 6 or 8. drops of 
sulphuric acid have been added. Part of the chalk 
becomes dissolved in the sulphuric acid, and the 
water will contain sulphate of lime. After the solu- 
tion has been suffered to stand for five or six hours % 
or till it is clear, let it be filtered, and dip into it a piece 
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of Brazil wood paper, the colour of which will be 
changed to a faint violet. 

EXPERIMENT XXV. 

Add to half a test tube full of distilled water, a 
few drops of liquid ammonia, and let fall some drops 
ot this fluid upon a slip of Brazil wood paper. It 
will produce brown stains, which will vanish again 
when the paper is held near the fire ; because the 
ammonia becomes volatilized. 

Brazil wood paper, when rendered violet by a di- 
lute solution of an alcali, may be used as a test for 
acids, which cause the original red colour to re-ap- 
pear. 

VI. TINCTURE OF TURMERIC, 

AND 

TURMERIC PAPER. 

This is an excellent test for discovering the pre- 
sence of alcalies. The colour of the tincture is an 
intense yellow; it is changed to a brick red, or 
orange, by alcalies, whether in a caustic state or 
combined with carbonic acid, but it is not effected 
by carbonated earths ; so that by this test we are at 
once enabled to distinguish the presence of a carbo- 
nated alcali, from a carbonated earth, when held in 
solution by an excess of carbonic acid. 

Paper stained a pale yellow with this tincture, be- 
ing more convenient in its application than the tine- , 
ture itself, is usually employed in the laboratory. — 
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By means of it, the exact point of saturation of acids 
with alcalies may be ascertained with great nicety, 
which is often of considerable consequence in chemi- 
cal operations. 

EXPERIMENT XXVI. 

Dip a piece of turmeric paper into distilled water, 
its yellow colour will remain unaltered. 

EXPERIMENT XXVII. 

Add a grain of potash, or soda, either in a pure 
state, or in the state of a carbonate, to half a test tube 
full of distilled water, and immerse into the solution 
a piece of turmeric paper, it will instantly acquire a 
brown colour ; and if the paper be now dipped into a 
dilute acid, its original yellow colour will re-appear. 

EXPERIMENT XXVIII. 

Hold a piece of turmeric paper, slightly wetted 
with distilled water, over the open mouth of the bot- 
tle (in the chest,) containing liquid ammonia. The 
colour of the paper will become changed to brown, 
remove the paper, and hold it near the fire, the 
brown colour will vanish, and its original yellow co- 
lour will re-appear ; because the ammonia becomes 
volatilized. 

EXPERIMENT XXIX. 

To seltzer water, (or distilled water impregnated 
with carbonic acid gas) add a portion of marble pow- 
der or chalk, shake the mixture in a stopped phial 
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frequently, during the space of twelve hours, to ef- 
fect a solution of carbonate of lime ; and lastly, filtre 
it, or suffer the mixture to stand undisturbed till it is 
become transparent. Dip into this solution of su- 
per-carbonate of lime, a slip of turmeric paper ; its 
yellow colour will suffer no alteration. Hence this 
test paper is not changed to orange by carbonate of 
lime, but only by carbonated alcalies, and on this 
account it is preferable to Brazil wood paper, (page 
31.) Barytes, strontia, and lime, act, as stated al- 
ready, in this case also like alcalies. 

The action of turmeric paper is very great, as may 
be seen from the following statement, which is copied 
from Dr. P. Wilson's analysis of the Malvern wa- 
ters, p. 32. 

EXPERIMENT XXX. 

" Half a grain of carbonate of soda was dissolved 
" in twelve ounces of distilled water, which were 
" heated to 136°. Paper stained with turmeric was 
" allowed to remain in it for one minute at this tem- 
" perature. Its colour was not at all altered. This 
" water was gradually evaporated at a temperature 
" never exceeding 140°, and at short intervals slips 
" of paper stained with turmeric were dipped into it 
" and allowed to remain in it exactly a minute, and 
" as soon as the tinge it gave to the paper was deci- 
" dedly orange, it was removed from the fire and 
" measured ; at this time the temperature was 124 . 
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" — The quantity of water was found to be nine 
" ounces. 

" Four ounces of Holy-well water were heated to 
" 136° ; at this temperature it did not affect the co- 
" lour of paper stained with turmeric, when allowed 
" to remain in it one minute. The evaporation was 
" continued in a temperature never exceeding 140°, 
" and gradually lessened to 124°, the slips of paper 
" being used at short intervals as before. When a 
" decidedly red tinge was observed, on allowing the 
" paper to remain in it for a minute in a tempera- 
" ture of 124°, it was removed from the fire and 
" measured : it was found to have lost just one fourth. 
" From this experiment it is evident the quantity of 
" carbonate of soda in a gallon of Holy-well water, 
" was easily calculated. The result is 5,33 grains. 

" Half a grain of carbonate of soda was dissolved 
" in eleven ounces of distilled water, and exposed 
" to a temperature of 115°. The paper stained with 
" turmeric immersed into it ; but I now measured 
•* the water as soon as the least discolouration ap- 
" peared in the paper, after it had remained in it for 
' a minute in the above temperature, and found the 
" quantity to be ten ounces and a half. 

u Four ounces of Holy-well water discoloured 
" the paper, allowed to remain in it for the same 
u length of time, in the same temperature, when one 
" eighth was evaporated. I was surprised, on making 
" the calculation, to find that this experiment gave 
" precisely the same result as the preceding, 5,33 
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" grains of carbonate of soda in a gallon of water, 
" that is, 128 ounces, and which quantity of alcali 
** was thus detected by turmeric paper." 

Turmeric paper rendered brown, or orange, byal- 
calies, is restored to its original yellow colour by 

acids. 

EXPERIMENT XXXI. 

Dip a piece of turmeric paper into water, to which 
a little liquid ammonia has been added, the paper 
will become brown, remove it into water acidulated 
with sulphuric, nitric, acetic or muriatic acid, and its 
yellow colour will be restored. 

Instead of turmeric paper, a fresh cut surface of 
the entire turmeric root may be wetted with distilled 
water, and by being rubbed on white paper, a very 
visible yellow mark will be made, on which a drop 
of the liquor to be examined may be put. 

VII. SULPHURIC ACID. 

Highly concentrated sulphuric acid discovers by a 
brisk effervescence, carbonic acid gas, when present 
in an uncombined state in any liquid, or when in 
combination with an earthly, alcaline, or metallic 
base. It is likewise used for decomposing the salts 
of lead and mercury, with which it produces a white 
precipitate. The precipitate obtained with mercury 
acquires a yellow colour by the affusion of boiling 
water. It is also a capital test for barytes and stron- 
tia, with both of which it forms highly insoluble 
compounds. This acid is frequently employed in 



52 A PRACTICAL ESSAY 

analytical experiments, for ascertaining the nature ol 
certain classes of salts, so far, at least, as to discover 
the nature of the acid with which the base of the salt 
is united. But when used for that purpose, it is ne- 
cessary that the saline compound to be examined be in 
a solid state, or at least nearly so. The salt to be as- 
sayed is covered with sulphuric acid, and the mixture 
warmed a little, a vapour or cloud will thus be pro- 
duced ; because the sulphuric acid expels the nitric 
muriatic, acetic, and fluoric acids, (besides many 
others) from their combinations. And as these acids 
are capable of assuming the gazeous state, and are 
condensible by moisture, they produce vapours with 
the moisture of the atmosphere ; and from the nature 
of these vapours, the nature of the acid may be 
learnt. For example : If the salt belonged to the 
class of nitrates, the vapours produced by the action 
of the sulphuric acid have a yellow or orange colour, 
and the salt then deflagrates when laid on ignited 
coals. If the salt belongs to the class of muriates, 
the vapours are white ; if it belongs to the class of 
acetates, the vapours have a strong smell of vinegar ; 
and if they corrode glass, when suffered to be in con- 
tact with it for 10 or 20 minutes, the salt contains 
fluoric acid. Other tests may then be applied, to 
confirm or destroy the conjectures thus obtained by 
this agent. Sulphuric acid has also been recom- 
mended as a test for lime, when it exists in combi- 
nation with certain bases, but it is of little value for 
that purpose, because the sulphate of lime which it 
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produces, being soluble in 500 parts of water, and 
much more so, when there is an excess of acid. — 
When employed for that purpose, the solution when 
highly concentrated is suffered to cool, the sulphate 
of lime then separates in long transparent crystals, 
which is a very common form for it to occur in che- 
mical analyses. It is then distinguished by its 
want of taste, its difficult solubility when removed 
into pure water, and by its affording a precipitate 
with oxalic and barytic salts. When a liquor con- 
taining selenite is rapidly evaporated, this salt sepa- 
rates as a brittle shining laminae. 

EXPERIMENT XXXII. 

To half a wine glass full of distilled water, add 
about 20 or 30 drops of sulphuric acid, and stir the 
fluid with a glass rod, the mixture will take place 
quietly, and no air bubbles become disengaged. 

EXPERIMENT XXXIII. 

Into the same quantity of water impregnated with 
carbonic acid gass, or to common seltzer water, add 
a like quantity of sulphuric acid. A multitude of 
very minute air bubbles will rapidly become disen- 
gaged, which indicate the presence of carbonic acid 
gas. 

EXPERIMENT XXXIV. 

Having dissolved 10 or 15 grains of muriate of 
soda (common salt) in about two tea-spoonfuls of 
water, add to it 10 or 15 drops of sulphuric acid. 
6-2 
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White fumes will be disengaged ; which indicate the 
presence of muriatic acid. And if a glass rod, or a 
feather, moistened with liquid ammonia, be brought 
near the mixture, the fumes will become more visi- 
ble, and dense white clouds will be produced in the 
vicinity of the body, moistened with the liquid am- 
monia. The sulphuric acid decomposes the com- 
mon salt, and expels one ol its constituent parts ; 
namely, the muriatic acid ; which, as it becomes lib- 
erated, assumes the gazeous form, and would be in- 
visible, if no humidity was present. But being con- 
densed by the moisture which it meets with in the 
atmosphere, it appears as a cloud. The liquid am- 
monia producing dense white clouds, is owing to the 
production of muriate of ammonia, a salt, formed 
from the vaporous muriatic acid, combining with the 
volatilized ammonia, and thus producing muriate of 
ammonia. 

EXPERIMENT XXXV. 

Put into a small evaporating basin, 10 or 20 grains 
of pulverised nitrate of potash, (saltpetre) and pour 
upon it 20 or 25 drops of sulphuric acid ; stir the 
mixture with a glass rod, and warm it gently over 
the spirit lamp. Yellow fumes will be produced, 
which indicate the presence of nitric acid. If a lit- 
tle of the salt be thrown on ignited eoals, it will de- 
flagrate. 
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EXPERIMENT XXXVI. 

Put 10 or 20 grains of super-acetate of lead, or 
acetate of potash, into an evaporating basin, or tea- 
cup, and moisten it with sulphuric acid ; a strong 
odour of vinegar will immediately become predomi- 
nant, because the sulphuric acid expels the acetic 
acid from the super-acetate of lead, and unites with 
its base to produce sulphate of lead. 

EXPERIMENT XXXVII. 

Take common fluor spar (Derbyshire spar) redu- 
ced to powder, put about 1 ounce or more of it into 
a leaden basin (a piece of common sheet lead turned 
up at the edges so as to form a rim will answer the 
purpose) make it into a liquid paste with common 
sulphuric acid, and then heat the mixture over the 
lamp. Dense white fumes will become disengaged ; 
and if a plate of glass be laid over the basin, it will 
speedily lose its polish, and become corroded by the 
vapour, or disengaged fluoric acid gas. In this 
manner etchings on glass may be made. The glass 
is to be covered over with hard engravers' varnish, 
called, etching ground, or bees-wax will answer the 
purpose, for the sake of experiment. When the coat- 
ing is dry, the design intended to appear upon the 
glass is traced out upon the varnish or wax by 
means of a needle, or other sharp pointed instru- 
ment, as is done in common copper-plate etching ; 
taking care that every stroke, or line, is carried 
clean, and smooth, through the coat of varnish or 
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wax, down to the surface of the glass, so that the 
light maybe seen through the traces or cuts. If the 
glass, thus prepared, be exposed to the volatilized 
fluoric acid gas, by laying it over the basin, the etch- 
ing will be made in 5 or 10 minutes. — The varnish 
or wax may afterwards be removed, by oil c: tur- 
pentine. 

The fluor spar consists of fluoric acid, united to 
lime, on adding to it sulphuric acid, which has a 
stronger affinity for lime than the fluoric acid has, 
the latter becomes disengaged in the gazeous state, 
and corrodes the glass in those parts where the var- 
nish does not defend it from its action. 

VIII. NITRIC ACID. 

This acid is employed as a test for ascertaining 
in an expeditious manner, the purity of tin, for 
which purpose it is employed in the concentrated 
state ; and when largely diluted with water, it be- 
comes a test for readily distinguishing iron from 
steel. In the analysis of vegetable substances, the 
concentrated nitric acid assists us to discover Resin. 
For when concentrated nitric acid is digested repeat- 
edly, with gum or mucilage, gluten, jelly, extract, 
gum-resin, or any other of the immediate vegetable 
products, it converts them into oxalic acid ; whereas 
true Resin suffers no such change ; and even after 
long digestion, this substance becomes only convert- 
ed by means of nitric acid, into a pale, porous, orange 
coloured mass. And if nitric acid be repeatedly ab- 
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stracted from it, the result is not oxalic acid, but a 
deep orange coloured substance, which is soluble in 
water, and in alcohol: and although the resinous pro- 
perties being lost, no vestige of oxalic acid can be 
discovered in the solution. Nitric acid is also used, 
to detect starch in vegetable substances. The sub- 
stance is to be digested for some days in dilute ni- 
tric acid, and the solution mingled with alcohol ; 
which throws down the starch from its solution in 
this acid. [Ann. de Chem. 1. v. 28.] 

And in the analysis of organic substances in ge- 
neral, nitric acid serves the purpose of a test for de- 
tecting the presence of azote or nitrogen, and thus it 
enables us to establish the presence oi animal matter ; 
because when this acid is made to act without the as- 
sistance of heat upon a substance, the nature of which 
is to be determined in that respect, azote, or nitro- 
gen, is produced. For in fact we are not acquaint- 
ed with any other ready method of discriminating in 
analvsis, animal matter from vegetable matter ; be- 
cause we possess no other means of extracting azote, 
perfectly in its insulated state. The elements of ani- 
mal matter are peculiarly prone to combination, and 
among them particularly the azote. The substance 
requires simply to be heated in a retort, and the ga- 
zeous product to be collected in the usual manner. — 
That the nitric acid did not furnish the azote, may 
be proved by saturating an aliquot portion of the acid 
employed in the experiment with an alcali, for it 
will be seen that the portion of acid thus tried satu- 
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rates as much alcali, as a like portion of the same 
acid, which has not been made to act upon the sub- 
stance, consequently the azote must have been pro- 
duced from the substance submitted to the action of 
the acid. Nitric acid is likewise useful as a test, for 
detecting uric acid, (in the analysis of urine) it pro- 
duces with this substance a pink or rose colour. 

EXPERIMENT XXXVIII. 

Tin of commerce, frequently contains either a mi- 
nute portion of copper or lead, and sometimes both 
these metals are present. To ascertain the purity of 
tin by means of nitric acid, put one part of the filing 
of the suspected metal into a basin or other conve- 
nient vessel, and add to it about three or four parts 
of nitric acid, a very violent action becomes exerted, 
the acid is decomposed with great rapidity, copious 
red fumes are disengaged, and the temperature of 
the mixture rises considerably. The tin becomes so 
highly oxidized, that it does not pass into a state of 
solution, but forms a white powder, in which, after 
having been washed, there are no traces of nitric 
acid, and which is therefore nearly a pure oxide. 

When this has been effected, pour a small quanti- 
ty of distilled water upon the mass, stir the mixture 
together, and suffer it to stand undisturbed, (or filtre 
it) till the super-natant fluid is become clear. De- 
cant the clear fluid, and add to it liquid ammonia in 
excess ; if the tin contained copper, the fluid now will 
assume a blue colour. To assay it for lead, add to an- 
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other portion of the clear fluid, a few grains of sul- 
phate of soda dissolved in water, which will occasion 
a white precipitate if lead be present, (sulphate of 
lead) which is highly insoluble in water, and there- 
fore falls to the bottom. 

EXPERIMENT XXXIX. 

To distinguish iron from steel by means of this test, 
let the acid be diluted, with so much water that it will 
only feebly act upon the blade of a common table 
knife. If a drop of the acid thus diluted is suffered 
to fall upon steel, and allowed to remain upon it for 
a few minutes, and then washed off with water, it 
will leave behind a black spot. But if a drop of this 
acid be suffered to act upon iron, in the same man- 
ner, the spot will not be black, but of a whitish grey 
colour. The black stain is owing to the conversion of 
the carbon of the steel in charcoal, which thus be- 
comes predominant, and iron being nearly free from 
carbon can produce only a grey stain. 

The utility of this test is not confined to finished 
articles manufactured of steel, but its application en- 
ables the workmen in iron and steel, to ascertain also 
the quality and uniformity of texture of unfinished 
articles. The following observations of Mr. White 
show the utility of the test, to the workmen in steel 
and iron in general. 

" It very frequently happens, that articles of con- 
" siderable value, intended to be fabricated in iron or 
** steel, are not known to be defective, until much ex* 
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"pense has been incurred in manufacturing them. 
" A piece of iron which has a vein of steel running 
" through it, as is too often the case, will require at 
" least three times the labour and care to turn out to 
" be fashioned in the lathe, which would have been 
" demanded by a piece of greater uniformity. Steel 
" which abounds with spots, veins, or specks, will 
u not show its defects until the final operation, when 
" the attempt is made to finish and to polish the 
" work. Other articles of steel, such as delicate 
" measuring or micrometer screws, blades of the best 
" kinds of sheers, fine circular cutters, engraver's 
" tools, surgical instruments, &c. either bend and lose 
" their shape in the hardening, from the difference 
" of expansion, or resist the tool when wrought in 
" the temperal state, or exhibit other incurable de- 
" fects when they come to be tried, which the test 
" by dilute nitric acid would have indicated be- 
" fore any expense had been incurred. In these, 
" and in numberless other instances, it would have 
" been incomparably more advantageous, to have re- 
jected the material upon the first trial, than have 
" proceeded to the very expensive process of manu- 
" facturing the article, and then finding it of no value. 
" By this means I have seen bars of steel, which 
" were warranted by the vender as perfect, as full of 
" veins and irregularities as the coarsest wood, and 
** have been enabled to select the best and most uni- 
" form pieces for works of the greatest delicacy ; 
" whereas, without this process, I have very often 
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" had the mortification to fail in the last stage of pro- 
" cesses, upon which much cost and labour had been 
" bestowed. It is only necessary to clean the rough 
" article with a file, or emery paper, and then to ap- 
" ply the nitric acid in a very dilute state ; the parts 
" which contain the greatest portions of carburet of 
" iron will immediately show themselves by their 
" dark v colour." Repository of Arts, No. iv. page 
202. 1816. 

IX. MURIATIC ACID. 

This acid may be used for detecting the presence 
of silver and lead, with the solutions of which it 
forms a white precipitate. The precipitate produced 
with silver becomes quickly blackened on exposure 
to light, it is perfectly insoluble in water, and soluble 
in liquid ammonia. The precipitate occasioned by 
lead suffers no such changes : it is soluble in about 
22 parts of boiling water, and in dilute nitric acid. 

It is also employed for discovering ammonia, 
when in a disengaged state ; a glass rod or other 
substance, moistened with this acid, and held in the 
atmosphere of ammoniacal gas, becomes immediate- 
ly surrounded by dense white clouds of muriate of 
ammonia, see page 53. It is likewise an useful aux- 
iliary agent for ascertaining the presence of oxide of 
manganese in mineral substances ; because it pro- 
duces with it chlorine gas. Suppose a mineral be 
presented to us, and we wish to know whether it 
contains a notable quantity of oxide of manganese, 
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we may proceed in the following manner : 1st, Re- 
duce the mineral to powder, pour upon it muriatic 
acid, and apply a moderate heat. If chlorine gas 
be disengaged in abundance, the mineral is chiefly 
manganese. 2d. To be certain of this, melt a little 
borax or soda in a platina spoon, add to it a little of 
the ore, and keep it melted by the interior flame of 
the candle. The colour of the mass in the spoon 
will be at first red, but this colour will gradually dis- 
appear if the ore be manganese. Now add a little 
nitre, or keep it melted for some time in the exterior 
flame, and the red colour will again appear, see An- 
nals of Philosophy 1814, xxvi. p. 312. 

EXPERIMENT XL. 

Mix 5 or 6 drops of super-acetate of lead with 
half a wine glass full of distilled water, and add to it 
a drop or two of muriatic acid; a dense white preci- 
pitate will fall down, which is muriate of lead. This 
salt being soluble in about 22 parts of water, in which 
latter respect, as well as in not changing colour by a 
short exposure to light, it may be distinguished from 
muriate of silver, (see nitrate of silver) which it re- 
sembles ; and water may therefore be used to sepa- 
rate the muriate of lead from that of silver, but ni- 
tric acid is preferable. The muriate of lead is like- 
wise soluble in acetic acid, by which it may further 
be distinguished from muriate of silver, and from 
sulphate ni lead. According to Klaproth, 100 grains 
dried fully, but short of volatilization, contain 75 of 
lead and 14 of muriatic acid. 
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EXPERIMENT XLI. 

Mix a few grains of muriate of ammonia with 
double its weight of sub-carbonate of potash, or quick 
lime, intimately together, and bring near it a feather, 
or glass rod, moistened with muriatic acid, dense 
white fumes will become visible, which indicate the 
presence of ammonia. See page 53. 

EXPERIMENT XLII. 

Add a few drops of liquid ammonia to half a test 
tube full of distilled water, and moisten with this 
fluid a piece of paper, or any other substance. If a 
glass rod, or feather wetted with muriatic acid, be 
now made to approach the paper, dense white va- 
pours will be formed. 

For the action of muriatic acid, as a test for silver, 
see nitrate of silver. 

X. TARTAREOUS ACID. 

The two alcalies, namely, soda and potash, resem- 
ble each other so closely in their most obvious che- 
mical characters, that they are not readily distin- 
guishable but by studying the characters of their 
combinations : namely, by uniting them to acids, and 
examining the salts resulting from this combination. 
Thus sulphate of potash is a hard bitter salt, requir- 
ing a large quantity of water for solution, and there- 
fore a saline precipitate of sulphate of potash is form- 
ed when the acid and alcaline solutions are somer 
what concentrated, when mixt : whereas sulphate of 
soda is very soluble. Nitrate of potash crystallizes 
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in long six-sided prisms, but nitrate of soda in cubes. 
However, by means of tartareous acid this trouble 
may be saved, for it produces with potash when add- 
ed in excess, a highly insoluble salt, but with soda a 
salt which is easily soluble in water. The alcali to be 
examined is first dissolved in muriatic or any other 
acid, and a solution of tartareous acid added in ex- 
cess ; if the salt has potash for its basis, there will 
be a chrystalline precipitate in a few seconds, but the 
mixture will remain clear if the basis of the salt is 
soda. But for the successful action of this test, it is 
necessary that the solutions of the salts be as concen- 
trated as possible, and that the tartareous acid be al- 
ways added in excess. 

EXPERIMENT XLIII. 

Make a concentrated solution of sulphate of soda in 
distilled water, and add to it a concentrated solution 
of tartareous acid ; no change will take place, because 
the salts of soda are not altered by tartareous acid. 

EXPERIMENT XLIV. 

Make a concentrated solution of sulphate of pot- 
ash in water, and add to it tartareous acid in excess ; 
a chrystalline salt will gradually collect and fall to 
the bottom of the tube. The salt is super-tartrite 
of potash. 

EXPERIMENT XLV. 

Drop tartareous acid into a solution of phosphate 
of soda, no change will take place, for the same rea- 
son as stated in experiment XLIII. 
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EXPERIMENT XLVI. 

Add to a solution of prussiate of' potash, tartare- 
ous acid, and suffer the mixture to stand for a few 
minutes ; minute crystals of super-tartrite of potash 
will be deposited on the sides of the vessel. 

EXPERIMENT XLVII. 

Dissolve five or six grains of caustic soda in half 
a test tube full of water, and add to the solution, tar- 
tareous acid in excess : no change will take place. 

EXPERIMENT XLVIII. 

Dissolve the same quantity of caustic potash in a 
like quantity of water, and add to the solution tar- 
tareous acid, in a few seconds the mixture will be- 
come turbid, and a quantity of white granular pow- 
der will fall to the bottom, which is super-tartrite of 
potash, and may be distinguished as such (when 
rinced with cold water) by feeling hard and granular 
in the mouth, with a slightly acidulous taste. 

XI. BORACIC ACID. 

The Boracic acid is employed in analytical che- 
mistry, not directly as a re-agent or instrument of 
analysis, because its affinities and action have little 
energy compared with other acids. But it is of use to, 
the mineralogist, as a flux for the blowpipe assay ; it 
particularly facilitates the fusion of earthy substances; 
and produces with them a very limpid fusion. It 
is not volatilized by the most intense heat, and the 
7-2 
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mass which it affords, with a vast number of mineral 
substances, does not readily sink into the pores of 
the charcoal upon which the assay is made. It may 
even be mixt with charcoal powder, without produc- 
ing an incomplete vitrification. It is capable of dis- 
lodging all the acids, except the phosphoric,from their 
combinations, and at the same time from the colour 
which it produces, with different metallic oxides, &c. 
some conjecture may be formed, concerning the na- 
ture of the substance upon which it is made to act. 

It is likewise a very useful agent for discovering 
the presence of alcalies in mineral substances, and 
has been recommended particularly for that purpose 
by sir Humphrey Davy. He fuses one part of the 
mineral under examination with two parts of boracic 
acid, dissolves the fused mass in dilute nitric acid, 
and concentrates the solution, to separate the silex. 
The liquid is then mixed with carbonate of ammo- 
nia in excess, boiled and filtered. By this means all 
the earthy and metallic ingredients are separated. 
The liquid is next mixed with a sufficient quantity 
of nitric acid, and evaporated till the whole of the 
boracic acid is separated. Nothing now remains but 
the nitric acid, combined with the alcaline constitu- 
ents of the mineral, (and with ammonia) the nature 
of which may then be readily ascertained by tarta- 
reous acid, or muriate of platina, the nitrate of am- 
monia being first got rid of by an exposure to a dull 
red heat. 
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XII. ACETIC ACID. 

Is occasionally employed as an auxiliary test for 
detecting the presence of ammonia, in the manner 
stated page 53. Acetic acid is of particular use in 
the analysis of vegetable substances, to separate re- 
sin from gluten, both of which are dissolved by acetic 
acid, but the latter remains in solution when water is 
added, and the former becomes precipitated. And 
as this acid does not, like the sulphuric and nitric 
acid, alter the resin when digested with it even for a 
considerable time, but lets this substance fall again 
apparently unaltered by the admixture of water, it 
affords a very useful re-agent in the complicated ana- 
lysis of vegetable substances. 

XIII. OXALIC ACID. 

The oxalic acid is a test in chemical experiments 
to determine the presence of lime in liquids, in what- 
ever combination this earth exists ; for it attracts 
lime with greater force than any other acid, and 
therefore is capable of decomposing compleatly all 
the known calcareous salts. The oxalate of lime is 
insoluble in water ; so that when this acid is added 
to a solution containing lime, a white precipitate of 
oxalate of lime falls down, from which, when collec- 
ted, washed, and dried in a moderate heat, the actual 
quantity of lime may be readily inferred. But oxa- 
late of ammonia is a better test for lime. See Oxa- 
late of Ammonia. 
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Oxalic acid is also an useful re-agent, for separa- 
ting oxide of iron from oxide of titanium ; if a solu- 
tion of this acid be added to muriate of titanium, a 
precipitate falls down, which is a pure oxalate of tita- 
nium, and which may be decomposed by exposure to 
a heat, sufficient to destroy the oxalic acid. This 
acid may likewise be employed for separating oxide 
of iron from oxide of cerium. If these two oxides 
exist together, it is only necessary to boil them in a 
solution of oxalic acid ; the oxide of iron becomes 
dissolved, and the oxide of cerium remains behind 
in the form of a white powder, as oxalate of cerium ; 
which may then be decomposed by heat. M. Lau- 
gier. Ann. de Chemie, t. 89, p. 306. 

XIV. MURIATE OF AMMONIA. 

This is one of the tests employed for detecting 
platina, with the solution of which it produces (if 
the platina be pure) a bright yellow precipitate, very 
slightly verging to orange. The precipitate is a tri- 
ple compound, consisting of oxide of platina, ammo- 
nia, and muriatic acid. And by this character pla- 
tina is distinguished from all other metals ; and may 
be separated when combined with them. The pre- 
cipitate, or triple salt, obtained by muriate of ammo- 
nia, when exposed to a strong red heat, furnishes a 
grey spongy mass, which is metallic platina. 

This test therefore furnishes a ready expedient for 
detecting the adulteration of gold with platina, which 
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would elude the hydrostatic trial. The gold may be 
precipitated by a solution of green sulphate of iron, 
(see sulphate of iron) and the platina, by muriate of 
ammonia. 

When this test is added to a solution of the ore of 
platina, in nitro-muriatic acid, the precipitate afford- 
ed by the first addition of muriate of ammonia is of 
a buff colour ; and if the fluid above it, which is still 
of a reddish brown colour, be poured off, and muriate 
of ammonia again be added to it, a precipitate is 
thrown down of a bright orange colour ; but no clear 
yellow precipitate can be obtained from the solution. 
The orange colour of the precipitate is owing to the 
presence of the metal called Iridium, which is asso- 
ciated with the ore of platina ; a clear yellow colour 
of the precipitate is therefore a criterion of the pu- 
rity of platina. The yellow precipitate forms an 
useful pigment for the painter, being a very bright 
and permanent colour. 

Muriate of ammonia is also used as a test, to de- 
tect alcalies, and alcaline earths, all of which decom- 
pose this salt, and render obvious its ammonia. For 
this purpose the salt must be in a dry state, or near- 
ly so, and a moderate heat may be employed to dis- 
engage the ammonia. But as many metals, and me- 
tallic oxides, are also capable of decomposing muri- 
ate of ammonia in the dry way, some collateral 
proofs must be employed, to render the presence 
of the alcali or alcaline earths unequivocal, besides 
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this we have better tests for alcalies and alcaline 
earths. 

Mr. Chenevix recommends this salt as an useful 
agent for separating alumine from its alcaline solu- 
tions ,* the alcali combines with the muriatic acid ; 
and the liberated ammonia determines the precipi- 
tation of the alumine, which, after being washed and 
dried, is perfectly pure. 

EXPERIMENT XLIX. 

Mix a little muriate of platina with half a test 
tube full of distilled water, and add to the mixture 
a solution of muriate of ammonia ; a yellow precipi- 
tate will fall down, consisting of oxide of platina, 
muriatic acid, and ammonia. 

EXPERIMENT L. 

Mingle a solution of muriate of platina with a so- 
lution of muriate of gold, and drop it into the mix- 
ture a solution of muriate of ammonia, till no fur- 
ther precipitate ensues, and suffer the fluid to stand 
undisturbed till the super-natant fluid is become per- 
fectly clear ; it will still have a yellow colour. Add 
to it, a fresh prepared solution of green sulphate of 
iron, it will now again become turbid, or suddenly 
acquire a green colour, and a dark greenish, or ra- 
ther a brown precipitate will slowly be deposited, 
which is metallic gold. If the precipitate obtained 
by muriate of ammonia be heated to redness by 
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means of the blowpipe, or (if the quantity be consi- 
derable) in the bowl of a tobacco pipe put into a com- 
mon fire, metallic platina will be obtained in the 
form of a grey porous mass. 

XV. OXY-MURIATE OF MERCURY, 

OR 

CORROSIVE SUBLIMATE. 

This salt of mercury is employed as a test for in- 
dicating the presence of alcalies and alcaline earths. 
The fixed alcalies when caustic produce with it, a 
yellow ; and carbonated alcalies, an orange coloured 
precipitate ; lime water produces with it also an 
orange yellow precipitate. But this salt is seldom 
used, for we have better tests to discover alcalies.— 
Its action as a Re-agent in the analysis of animal 
substances is of greater value ; for by means of it, 
we are enabled to detect minute quantities of albu- 
men ; a substance, which largely enters into the com- 
position of many animal products. It produces with 
albumen, a white flocculent precipitate. It does not 
however separate the whole of the albumen, unless 
heat be employed, to assist the coagulation. And 
hence Dr. Bostock has proposed the following inge- 
nious method of estimating the quantity of albumen 
contained in an animal fluid, viz. add to the fluid a 
quantity of oxy-muriate of mercury, more than suf- 
ficient to saturate the albumen, and then heat the 
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mixture. By this double action a coagulum is 
formed, which may be separated by the nitre. The 
precipitate is a compound of the metallic salt with 
albumen ; in proportion of about one of the former 
to three or four of the latter. From the quantity of 
corrosive sublimate, therefore, required to decom- 
pose entirely a solution of albumen, we may infer the 
quantity of the latter ; for three grains of the metallic 
salt, being entirely decomposed, indicate 10 1-2 grains 
of albumen. 

There are other tests for detecting albumen; for 
instance sub-acetate of lead, and nitrate of silver, but 
the sub-acetate of lead (Goulard's extract,) and ni- 
trate of silver, act also on other varieties of animal 
matter, but muriate of mercury does not. Corrosive 
sublimate, likewise, may be made a test for detecting 
salts with a base of ammonia, when applied in the 
manner to be stated presently. 

EXPERIMENT LI. 

Dissolve one or two grains of sub-carbonate of pot- 
ash in half a test tube full of distilled water, and add 
to it a few drops of the solution of the oxy-muriate 
of mercury ; an orange coloured precipitate will im- 
mediately fall down to the bottom of the tube. 

EXPERIMENT LII. 

Add to half a test tube full of distilled water, a 
grain or two of sub-carbonate of soda, and drop into 
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the solution pxy-muriate of mercury, and the same 
effect will take place as in the preceding experiment. 

EXPERIMENT LIU. 

Dissolve a few grains of caustic potash, or soda, in 
half a test tube full of water, and drop into the fluid 
a solution of oxy-muriate of mercury ; at first a sul- 
phur yellow precipitate will fall down, but, by increa- 
sing the ad-mixture of oxy-muriate, the precipitate 
will assume a dull orange colour. 

EXPERIMENT LIV. 

Half fill a test tube with fresh prepared lime-water, 
and add to it a few drops of the solution of corrosive 
snblimate : an orange yellow precipitate will instantly 
fall down. 

EXPERIMENT LV. 

Mix a small quantity of the albumen or white of 
an egg with distilled water, and suffer it to stand till 
the insoluble part has subsided. Decant the clear 
fluid, and drop into it a solution of corrosive muri- 
ate of mercury ; a milkiness will ensue, and after 
some time a white flocculent precipitate becomes de- 
posited. 

The same effect takes place, if serum of blood be 
mixed with water, or any other albuminous matter. 
A drop of a saturated solution of oxy-muriate of 
mercury, when added to water containing 1-1,000 
part of its weight of albumen, produces a visible 
cloudiness : and at the end of some hours, a floccu- 
(«) 
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lent precipitate falls to the bottom of the vessel. The 
same re-agent produces a sensible effect on a liquid 
containing only half that quantity, or 1-2,000 of al- 
bumen, if the mixture be suffered to stand for some 
hours. 

This test should be kept in the dark, because light 
renders it turbid, a white precipitate (sub-muriate of 
mercury) separates, and its action is impaired. 

EXPERIMENT LVI. 

Dissolve one grain of muriate of ammonia in a 
wine glass full of distilled water, and add to the fluid 
a single drop of a solution of potash or of soda. If 
now a drop or two of the solution of oxy-muriate of 
mercury be added, the mixture will become milky, 
and a white precipitate falls down, consisting of mu- 
riatic acid, mercury, and ammonia. 

EXPERIMENT LVII. 

Add one grain of nitrate of ammonia to a wine 
glass full of distilled water, and after having added 
to it also a drop of a solution of any alcali, let fall into 
the mixture a drop of the solution of corrosive sub- 
limate, or oxy-muriate of mercury; a white precipi- 
tate (sub-oxy-muriate of mercury and ammonia,) 
will instantly fall down. 

It is essential that the solution be neutral. The 
delicacy of oxy-muriate of mercury, when thus ap- 
plied for detecting ammoniacal salts, is extremely 
great. One grain of muriate of ammonia dissolved 
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in 16 ounces of water may be detected by it. For 
the application of this test we are indebted to Mr. F. 
Brande. 

XVI. SUB-NITRATE OF MERCURY. 

Is employed as one of the re-agents for detecting 
uncombined ammonia, with which it produces an 
ash-grey, or black precipitate. It may likewise be 
used for detecting muriatic acid, with which it occa- 
sions a white precipitate, one part of muriatic acid 
combined with 300,000 parts of water may readily 
be discovered by this re-agent. 

It is also an useful test for detecting not only the 
presence, but likewise the quantity of phosphoric acid 
contained in any fluid ; for it produces with this acid, 
a white precipitate, which is soluble in an excess of 
phosphoric acid, and also in nitric acid, which the 
precipitate produced by muriatic acid is not. The 
precipitate obtained by phosphoric acid, (phosphate 
of mercury) may be decomposed, by mere exposure 
to heat, and thus the phosphoric acid is obtained in a 
pure state. Or if the precipitate is exposed to the 
blowpipe heat upon charcoal, it first melts with effer- 
vescence and a green flame, into a yellowish glas3 ; 
by continuing the heat the mercury is volatilised, 
and may be condensed in its metallic state on a plate 
of copper held over the vapour ; the phosphoric acid 
then burns off into phosphorus. With a solution of 
muriate of gold it produces a dense precipitate, of a 
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bluish black colour ; and with muriate of platina an 
orange coloured precipitate. 

Some precautions, however, are necessary, when 
this test is employed for discovering phosphoric 
acid : namely, it is essential that the fluid should not 
contain any free alcali, or alcaline earth. Sub-nitrate 
of mercury may also be applied for discovering sul- 
phuric acid, with which it affords a white crystaline 
or pulverulent precipitate, which becomes yellow 
when repeatedly washed with boiling water. 

EXPERIMENT LVIII. 

Add to half a test tube full of distilled water a 
drop of liquid ammonia, no change will take place, 
but if a few drops of a solution of sub-nitrate of mer- 
cury are added, an ash grey precipitate instantly 
falls down to the bottom of the tube. 

EXPERIMENT LIX. 

Add to half a wine glass full of distilled water, a 
drop of muriatic acid, or a single grain of common 
salt, and pour into the solution a few drops of sub-ni- 
trate of mercury; white clouds will be produced, and 
a white precipitate fall down to the bottom, which 
will not disappear, or become re-dissolved, by the ad- 
mixture of nitric acid. 

EXPERIMENT LX. 

Dissolve a few grains of phosphate of soda in half 
a test tube full of distilled water, and add to it a so- 
lution of sub-nitrate of mercury; a white precipitate 
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will fall down (phosphate of mercury). When the 
precipitate has subsided, decant the supernatant fluid, 
and assay the precipitate by adding to it nitric acid, 
which will speedily dissolve it. 

EXPERIMENT LXI. 

Add to half a test tube full of distilled water three 
or four drops of sulphuric acid, or dissolve in the 
water six or nine grains of sulphate of soda, and add 
to the fluid sub-nitrate of mercury, a dense white 
precipitate will take place, and speedily settle to the 
bottom. This precipitate, by the repeated affusion of 
boiling hot water, acquires a yellow colour. 

EXPERIMENT LXII. 

Mix with half a test tube full of distilled water a 
few drops of muriate of gold, and add to the mix- 
ture one or two drops of sub-nitrate of mercury ; a 
bluish black precipitate will instantly be formed. 

EXPERIMENT LXIII. 

. Let fall one drop of muriate of platina into half a 
wine glass full of distilled water, and add to this 
mixture a drop of sub-nitrate of mercury; a bright 
orange coloured precipitate will fall down to the bot- 
tom of the tube. 

XVII. NITRATE OF SILVER. 

The solution of silver in nitric acid is an excellent 

test, for discovering muriatic acid, either in a free 

state, or when combined with other bodies. It pro- 

8-2 
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duces with it a curdy white precipitate, which is in- 
soluble in water, but readily soluble in liquid ammo- 
nia, and which becomes speedily blackened on expo- 
sure to light. 

The delicacy of this test is astonishingly great; 
one grain of common salt, dissolved in 42,250 grains 
of water, that is, rather more than five pounds of wa- 
ter, is rendered obvious by it, white clouds being- 
produced in the fluid ; and this quantity of water, 
it may be proved, does not contain more than 
1-108,333 part of its weight of real muriatic acid. 

In applying this test, certain precautions are ne- 
cessary, because it is also acted on by alcaline and 
earthy carbonates, and by sulphuric acid and its 
combinations. This may be guarded against, by 
first removing the sulphuric acid, by nitrate of bary- 
tes ; and the action of the carbonates may be pre- 
vented, by supersaturating them previously with pure 
nitric acid. The precipitate produced by carbonated 
alcalies, (carbonate of silver,) is soluble in dilute ni- 
tric acid with effervescence, the precipitate produ- 
ced by muriatic acid is not. With the assistance of 
an alcali, nitrate of silver becomes likewise an excel- 
lent test, for detecting minute portions of arsenic, 
with which it produces a yellow precipitate. It 
likewise indicates minute portions of sulphuretted 
hydrogen, and sulphurets in general, for it produces 
with them a black precipitate. It affords with chro- 
mic acid a carmine red precipitate. 
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EXPERIMENT LXIV. 

Mix a drop of muriatic acid with a wine glass full 
of distilled water ; and add to the mixture a drop of 
the solution of nitrate of silver ; a white curdy preci- 
pitate (muriate of silver) will immediately be produ- 
ced and fall rapidly to the bottom of the glass. 100 
grains of this precipitate thoroughly dried, but not 
melted, contain 75,235 grains of silver ; the remain- 
ing 24,765 grains consist of muriatic acid, and oxigen. 
It may be reduced in the following manner to the 
metallic state, and affords the purest silver which can 
be obtained. 

EXPERIMENT LXV. 

Mix one part of dry muriate of silver with three 
of subcarbonate of soda, or potash of commerce, 
freed from water by heat ; put the mixture into the 
bowl of a tobacco pipe, and make it red hot in a com- 
mon coal fire. When the mass has been in perfect 
fusion for about ten minutes suffer it to become cold. 
On breaking the pipe a brilliant button of pure silver 
will be found at the bottom of the vessel. 

Nitrate of silver is used as a test by the refiners, 
for examining and purifying their aqua fortis, or ni- 
trous acid. They let fall into the acid of commerce a 
few drops of a solution of nitrate of silver. If the 
acid remains clear it is fit for their use ; otherwise 
they add a small quantity more of the solution, which 
immediately turns the whole of a milky-white co- 
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lour; the mixture being then suffered to rest for some 
time, deposits a white sediment (muriate of silver) 
from which it is cautiously decanted, examined 
again, and if necessary further purified by a fresh ad- 
dition of the solution of nitrate of silver. 

EXPERIMENT LXVI. 

Add a grain or two of common salt to half a test 
tube full of distilled water; and drop into the solu- 
tion nitrate of silver; the mixture will instantly be- 
come turbid, and a dense white precipitate will fall 
down to the bottom of the tube. Decant the super- 
natant fluid, and pour liquid ammonia upon the pre- 
cipitate, which will immediately produce with it a 
transparent solution, namely, nitrate of silver and am- 
monia. This is one of the characters by which mu- 
riate of silver is discriminated from muriate o£ 
lead ; for the latter is not soluble in liquid ammonia. 

EXPERIMENT LXVII. 

Prepare muriate of silver in the manner stated ; 
namely, by decomposing a solution of common salt 
in water with nitrate of silver; wash the muriate 
whilst still wet, with water, dry it on blotting paper, 
and keep it exposed to the light of day. Its beauti- 
ful white colour will speedily be changed, and in a 
few hours it will have acquired a bluish black colour. 

This change of colour is supposed to be owing to 
the partial reduction of the oxide of silver, from the 
light expelling a portion of its oxigen. But there is 
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reason to believe that it originates solely from a par- 
tial disengagement of a portion of the acid ; because 
it is produced likewise by heat, for muriate of silver 
becomes blackened before it enters into fusion, and 
a small quantity of muriatic acid, without any oxigen, 
becomes disengaged. It likewise takes place by the 
action of air, independent of light ; for muriate of 
silver, exposed in an utter dark place to a brisk cur- 
rent of air, becomes blackened ; but not so speedily 
as in the rays of the sun. 

EPXERIMENT LXVIII. 

When the quantity of muriatic acid in a fluid is 
extremely small indeed, no actual precipitate can be 
collected, but the solution which was limped before 
mixture becomes more or less opalescent afterwards, 
as may be shown by dropping nitrate of silver into 
a decanter full of common spring or river water, 
which will almost immediately become more or less 
clouded or milky, according to the quantity of mu- 
riatic acid which it contains, in some combination or 
other, but no precipitate can be collected. In the 
analysis of mineral waters, this test saves much 
trouble to the operator. If the water, for example, 
contains only muriate of potash, and of soda, all 
other ingredients having been previously separated, 
we have only to decompose them by nitrate of sil- 
ver, and to dry the precipitate ; for 217.65 of muri- 
ate of silver indicate 100 of muriate of potasb, and 235 
of muriate of silver indicate 100 of common salt. 
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EXPERIMENT LXIX. 

Let five or six grains of sulphate of soda, (Glau- 
ber's salt), or Epsom salt, or alum, be dissolved in a 
test tube, full of distilled water, and put half the 
mixture into another or second tube. Add to the 
contents of the first tube a few drops of nitrate of 
silver. A considerable turbidness will take place ; 
because the oxide of silver combines with the sulphu- 
ric acid of the sulphate, and forms with it an indis- 
soluble compound salt, (sulphate of silver,) decant 
the supernatant fluid and transfer the precipitate, 
which has a pulverulent form, into a basin contain- 
ing distilled water, which will speedily dissolve it, 
when assisted by a gentle heat, but which is not the 
case with muriate of silver; but which is perfect- 
ly insoluble in water. 

EXPERIMENT LXX. 

Add to the other half of the solution of sulphate 
of soda (Experiment LXIX.) nitrate of barytes, till 
no further cloudiness takes place, separate the preci- 
pitate, which is sulphate of barytes, by throwing, the 
whole on a filtre, and assay or test the fluid, which 
passes through the filtre, again with nitrate of silver, 
which now no longer will produce a precipitate, be- 
cause the sulphuric acid has been removed by the 
nitrate of barytes. 

EXPERIMENT LXXI. 

Dissolve a few grains of sub-carbonate of potash, 
or of soda, in half a wine glass full of distilled water, 
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and add nitrate of silver to the solution. A white 
precipitate will fall down, namely, carbonate of sil- 
ver. But if a little pure nitric acid be added, this 
precipitate will become re-dissolved with an effer- 
vescence, which is not the case with muriate of silver. 

EXPERIMENT LXXII. 

Again add a few grains of sub-carbonate of pot- 
ash, or of soda, to half a glass full of distilled water, 
and drop into it so much nitric acid, as is sufficient 
to neutralize the subcarbonate of potash, which may- 
be known by the solution not changing turmeric pa- 
per brown. (See page 35.) If into this fluid nitrate 
of silver be dropped, it will not become turbid, and 
the effect of the carbonated alcali is thus counteracted 
by nitric acid. If a grain of common salt or any 
other combination of muriatic acid be added to the 
fluid, the nitrate of silver will immediately indicate 
the presence of muriatic acid, by a copious white 
curdy or flocculent precipitate. 

EXPERIMENT LXXIII. 

The power of nitrate of silver is so great, that it 
will discover the minute quantity of muriate of soda 
which constantly adheres to the skin, and is deposit- 
ed there, from the perspirable matter of the living 
body. To show this fact, put some distilled water with 
a few drops of nitrate of silver into a test tube, and 
shake it, closing the tube with the finger on the open 
end, appliedas a stopper. The mixture, after a few 
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minutes shaking, will become perceptibly turbid, on 
account of having removed from the cuticle of the 
finger so minute a portion of muriate of soda, as de- 
fies the imagination, but the presence of which is thus 
rendered by the test obvious to the senses. 

For the application of nitrate of silver as a test to 
detect minute portions of arsenic, we are indebted to 
Mr. Hume, according to whose directions it is to be 
used in the solid state, or as fused sub-nitrate of sil- 
ver, vulgarly called lunar caustic. The following 
process will illustrate its action. 

EXPERIMENT LXXIV. 

Put two or three grains of arsenious acid, (white 
arsenic) and eight ounces of rain or distilled water, 
into a florence flask, heat the mixture over the lamp 
till the solution boils, and then add to it a grain or 
two of sub-carbonate of potash or of soda. Pour a 
few table spoons full of the solution into a wine 
glass, and present to the mere surface of the liquid 
a stick of dry sub-nitrate of silver. A yellow preci- 
pitate will instantly appear, which will proceed from 
the point of contact of the sub-nitrate with the fluid, 
and settle towards the bottom of the glass as a floc- 
culent and copious precipitate. Dr. Marcet has 
lately pointed out the following modification of this 
test. 

EXPERIMENT LXXV. 

Let the fluid suspected to contain arsenic be filtered, 
and suffer the end of a glass rod, wetted with liquid 
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ammonia to be brought into contact with it, and let 
the end of a glass rod, also wetted with the solution 
of nitrate of silver, be immersed in the mixture, a yel- 
low precipitate will appear at the point of contact, 
and will gradually fall down to the bottom. As this 
precipitate is soluble in ammonia, the greatest care 
is necessary not to add an excess of that alcali. 

The objection arising from the action of muriatic 
acid upon this test, when thus employed for arsenic, 
is easily obviated ; for if a little muriatic acid be add- 
ed to the fluid suspected to contain arsenic, and the 
nitrate of silver be very cautiously added, till the 
precipitate ceases, the muriatic acid will be removed, 
and the arsenic remain in solution. The addition 
of liquid ammonia will produce the yellow precipi- 
tate in its characteristic form. 

EXPERIMENT LXXVI. 

The effect of nitrate of silver, for detecting minute 
portions of sulphuretted hydrogen, may be shown, by 
immersing part of the white of an egg coagulated by- 
heat into distilled water mixed with a small quantity 
of nitrate of silver, and suffering it to stand for about 
24 hours. During this time the whole solution, as 
well as the albumen, will acquire a dark brown co- 
lour, because the albumen of the egg contains sul- 
phur. The blackening of a silver spoon, on touching 
it with the white of a boiled egg, also illustrates this 
fact. 

(9) 
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EXPERIMENT LXXVII. 

Put water impregnated with sulphuretted hydro- 
gen gas into a saucer or wine glass, and hold over, 
and also close to the surface of the water, a slip of 
paper wetted with a solution of nitrate of silver. The 
sulphuretted hydrogen gas, escaping from the fluid, 
will instantly cause the solution of silver to become 
blackened ; the silver which it contains will re-ap- 
pear in a metallic form, and being combined with 
sulphur, the whole assumes a brilliant metallic and 
iridescent colour. 

EXPERIMENT LXXVIII. 

Write on paper with a dilute solution of nitrate of 
silver; the writing will be invisible when dry, and 
kept defended from the light. But if the paper be 
immersed into water impregnated with sulphuretted 
hydrogen gas ; or if a feather or sponge dipped in 
this fluid be passed over it ; the characters will in- 
stantly acquire a dark brown colour, the intensity of 
which is according to the strength of the nitrate of 
silver employed. 

XVIII. ACETATE OF SILVER. 

This re-agent, the chemical action of which is in 
every respect similar to nitrate of silver, is particu- 
larly well adapted for examining mixtures of nitrates 
and muriates, if we wish to ascertain and separate 
the muriatic acid, without adding any additional 
quantity or extraneous nitric acid to the mixture, 
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which would be the case if nitrate of silver be em- 
ployed. We become thus also enabled to discrimi- 
nate the alcali combined with the muriatic acid 
more readily by its appropriate^tests, namely, muriate 
of platina, &c. Or even without the usual tests for 
alcalies ; namely, by simply evaporating to dryness 
the fluid from which the muriatic acid has been se- 
parated by means of the acetate of silver, and re- 
dissolving the dry mass in alcohol. If this solution, 
after being evaporated to dryness, affords a deli- 
quescent salt, we have reason to believe that the base 
of the salt is potash ; and if it effloresces, and remains 
dry on exposure to the air, there is then reason to 
believe it to be soda; or, for example, when nitrate of 
potash accompanies sulphates and muriates without 
any other nitrate, the sulphates being decomposed 
by acetate of barytes, and the muriates by acetate of 
silver. The fluid after filtration may be evaporated 
to dryness, and the residuum treated with alcohol, 
which dissolves the acetates and leaves the nitrate ; 
the quantity of which may be easily estimated. If 
an alcali be present, it ought, of course, to be previ- 
ously saturated with an acid. Acetate of silver is de- 
composed by exposure to light. The bottle contain- 
ing a solution of it becomes covered within with a 
metallic coat of silver, and a black powder separates. 
It therefore must be kept in opake bottles, or in the 
dark. 
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XIX. SULPHATE QF SILVER. 

The combination of silver with sulphuric acid 
may occasionally be used, >vith advantage, as a test 
for detecting muriatic acid, where nitrate of silver 
is not so applicable ; because it is not affected, like 
nitrate of silver, by salts with a base of sulphuric 
acid, so that when sulphate of silver is employed, 
we are certain that the precipitate produced by this 
test, when no uncombined alcali or earth is in the 
solution, is produced by muriatic acid only. 

This test is best kept in opake bottles, for light 
has an action upon it. The silver which it contains 
is in part reduced, and falls down as a black powder. 

XX. PHOSPHATE OF SODA. 

This salt, in combination with carbonate of ammo- 
nia, is employed as a re-agent for separating mag- 
nesia. The process was first pointed out by Wollas^ 
ton, and is as follows. Pour a solution of neutral 
carbonate of ammonia into the fluid suspected to 
contain magnesia. No magnesia becomes precipi- 
tated if this earth be present, because the carbonic 
acid of the carbonate of ammonia is sufficient to 
keep it in solution. But on adding phosphate of 
soda, the magnesia is transferred to the phosphoric 
acid, and with which, and the ammonia, it falls down, 
as an insoluble triple salt. It is essential that the 
solutions should be somewhat concentrated ; and that 
the carbonate of ammonia be neutral. Phosphate of 
soda, when deprived of its water of crystallization, is 
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likewise employed as a flux for the blowpipe ; it ma- 
terially facilitates the fusion of earthy substances 
and metallic oxides, and forms a more manageable 
flux than phosphate of soda and ammonia, which is 
frequently recommended for similar purposes. 

EXPERIMENT LXXIX. 

Add to a solution of sulphate of magnesia a solu- 
tion of carbonate of ammonia, in sufficient quantity 
to saturate the acid, no change will take place ; but 
if to this fluid, which now contains sulphate of am- 
monia and carbonate of magnesia, a cold and satu- 
rated solution of phosphate of soda be added, it im- 
mediately becomes turbid, and a white powder sub- 
sides, which is a triple salt ; namely, phosphate of 
magnesia and ammonia. 

100 grains of this salt, dried at a temperature of 
100°, contain 19 of magnesia ; about 16 of muriate of 
magnesia ; and 62 of desiccated, or double that quan- 
tity of crystallized, sulphate of magnesia. If instead 
of drying the precipitate at a gentle heat, we cal- 
cine it, we may then reckon the calcined phosphate 
of magnesia to indicate, in every 100 grains, 38,5 of 
magnesia, or to be equivalent to 226 grains of the 
crystallized sulphate of that earth. 

EXPERIMENT LXXX. 

Dissolve common magnesia of commerce (subcar- 
bonate of magnesia) in muriatic acid, and add to the 
solution, carbonate of ammonia, no change will take 
9-2 
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place ; but if a strong solution of phosphate of soda be 
added to the fluid which contains the muriate of 
magnesia and carbonate of ammonia, the mixture 
becomes turbid, and phosphate of magnesia and am- 
monia is deposited. 

XXI. LIME WATER. 

This fluid is frequently employed for ascertaining 
the presence of carbonic acid, not combined with a 
base, or combined in excess, with which it produces 
a white pulverulent precipitate, which again disap- 
pears, when an excess of the fluid containing the car- 
bonic acid is added (page 92); because the excess 
of the carbonic acid re-dissolves the neutral carbo- 
nate, which produced the cloudiness. The transpa- 
rency of the mixture is likewise restored by muriatic 
or nitric acid. The action of lime water is therefore 
modified, according to the quantity of the substance 
upon which it is made to act. There is another ob- 
ject which requires to be considered with regard to 
this test, to avoid fallacious results; namely, the 
precipitation of salts with a base of magnesia or alu- 
mine, which, with lime water, also produce a white 
precipitate. And a cloudiness is further produced, 
when sulphates are made to act upon this test. But 
the precipitate occasioned by lime may readily be 
discriminated, as will be stated presently. Lime-wa- 
ter is farther made use of, as a test *br oxy-muriate 
of mercury, or corrosive sublimate, with which it 
produces, according to the quantity added, either a 
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yellow or a brick-dust coloured precipitate ; and occa- 
sionally also for detecting the presence of arsenic, 
with the solutions of which it forms a white precipi- 
tate (arseniate of lime) which, being scarcely more 
soluble then sulphate of lime, sinks to the bottom in 
the form of minute crystals, and when laid on an ig- 
nited piece of charcoal diffues the alliaceous odour 
peculiar to arsenic. 

Some chemists have endeavoured to estimate the 
quantity of carbonic acid when contained in a mine- 
ral water, by the admixture of lime-water ; namely, 
by adding lime-water to the mineral-water, fresh 
from the fountain head, and collecting, drying, and 
weighing the carbonate of lime thus produced. But 
this method is fallacious in most cases, for the lime- 
water also precipitates all the carbonate of lime held 
in solution by carbonic acid, and the carbonate of 
magnesia, and besides it decomposes other magne- 
sian salts, and causes their earth to precipitate. 

EXPERIMENT LXXXI. 

Half fill a wine glass with fresh prepared lime-wa- 
ter, and blow through the water by means of a to- 
bacco pipe, or quill, the air respired from the lungs. 
The lime-water will by this operation be rendered 
turbid, because the carbonic acid gas expired from 
the lungs combines with the dissolved lime, and 
forms with it a neutral carbonate of lime, which, be- 
ing insoluble in water, becomes precipitated. The 
precipitate may be made to disappear by the admix- 
ture of muriatic or nitric acid. 
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EXPERIMENT LXXXII. 

Half fill a test tube with water impregnated with 
carbonic acid gas, and add to it lime-water, a white 
precipitate (carbonate of lime) will fall down, which 
again becomes dissolved by the admixture of a few 
drops of muriatic or nitric acid. 

EXPERIMENT LXXXIII. 

Fill a two ounce phial with carbonic acid gas (for 
the method of obtaining this gazeous fluid, see in- 
dex, carbonic acid) and add to it about a table spoon- 
full of lime-water, close the phial and shake it ; the 
lime-water will become milky, because a neutral car- 
bonate of lime is produced. Put the turbid mixture 
aside, and again fill the phial with carbonic acid gas, 
and pour this mixture again into the phial filled a 
second time with the gas. The lime-water will now 
become perfectly transparent, or if not, expose it for 
■a third time to a fresh portion of carbonic acid gas. 
The transparency thus effected is owing to the neu- 
tral carbonate of lime having combined with an ad- 
ditional quantity or excess of carbonic acid gas : a 
new body or super-carbonate of lime being produced, 
which is soluble in water. We therefore se'e', that if 
water holding carbonic acid gas in solution be added, 
in small quantity only, to lime-water, an instant mil- 
kiness ensues, and a precipitate of carbonate of lime 
is produced ; but if an excess of the carbonated water 
be added, it becomes clear again. If the fluid be 
heated, or merely suffered to be exposed to the open 
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air, the excess of carbonic acid gas flies off, and a 
neutral carbonate of lime is re-produced, which being 
insoluble falls down as a white precipitate. 

Hence all pump or well waters holding in solution 
super-carbonate of lime &c. become turbid by boil- 
ing, and a crust or fur, as it is called, is deposited in 
tea kettles, and other vessels, in which such waters 
are frequently boiled ; the heat expels the excess of 
carbonic acid which held the earthy carbonate in solu- 
tion, and the neutral carbonate of lime is deposited. 
It is thus that nature dissolves calcareous masses, 
which have been collected and deposited by these 
waters. When the waters, by their exposure to the 
air, lose the quantity of carbonic acid which favour- 
ed the solution of the lime, deposits are formed, and 
thus originate calcareous incrustations found in ca- 
verns, springs, &c When these waters suddenly 
lose the excess of carbonic acid which was essential 
to the solution of the lime, there is an irregular pre- 
cipitation; hence those tender calcareous cellular 
Stones and calcareous spongy tuff's : but if the eva- 
poration of the carbonic acid takes place slowly, it 
produces crystallizations, such as stalactites, &c. 

EXPERIMENT LXXXIV. 

To a few ounces of fresh prepared lime water add 
two or three grains of subcarbonate of potash, the so- 
lution will become turbid, and yield a white precipi- 
tate ; because the carbonic acid of the alcaline sub- 
carbonate unites with the lime, and forms, with it, 
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a subcarbonate of lime, which being insoluble falls to 
the bottom ; add dilute muriatic or nitric acid, and 
the precipitate will again become dissolved. 

EXPERIMENT LXXXV. 

Dissolve five or six grains of sulphate of magne- 
sia, (Epsom salt) in half a wine glass full of distilled 
water, and pour a little fresh prepared lime water 
into the solution; it will become turbid, and a white 
pulverulent precipitate will gradually fall down to 
the bottom of the glass. Lime water therefore de- 
composes also the salts of magnesia. 

EXPERIMENT LXXXVI. 

Mix five or six drops of a concentrated solution of 
corrosive sublimate with half a test tube full of lime 
water, no brick dust or orange coloured precipitate 
will be produced, but a yellow precipitate will fall 
down : on adding gradually more of the solution of 
corrosive sublimate, the mixture will acquire an 
orange colour, and a precipitate of the same hue will 
be deposited. 

EXPERIMENT LXXXVII. 

Let fall eight or ten drops of a solution of arseni- 
ous acid into a wine glass containing about one table 
spoonful of distilled water ; and fill the remainder of 
the glass with fresh prepared lime water. The mix- 
ture will become milky in a few minutes, and a white 
flocculent precipitate (arsenite of lime) will gradu- 
ally collect at the bottom of the glass. If to the tur- 



ON CHEMICAL TESTS. 95 

bid liquid, thus obtained, a few drops of acetic or me- 
tric acid be added, it will become clear again, be- 
cause the precipitate becomes completely redissol- 
ved ; and the result takes place, by a copious admix- 
ture of the solution of arsenious acid. If the preci- 
pitate (arsenite of lime) be dried, and placed on an 
ignited piece of charcoal, it yields an alliaceous odour, 
which is peculiar to arsenic. 

Lime water does not keep, but is speedily ren- 
dered useless, on account of the carbonic acid gas 
which it attracts from the air, when the bottle con- 
taining it is frequently opened. It may be readily 
prepared for immediate use in the following manner. 

Take two ounces of fresh burnt quicklime, put it 
into a stone-ware vessel, and gradually sprinkle on it 
so much distilled or rain water, as is sufficient to 
slake the lime, and keep the vessel covered whilst 
the lime slakes and falls into powder. This being 
done, pour on it a pint of distilled or rain water, and 
mix the lime thoroughly with the water by stirring. 
After the lime has subsided, repeat the stirring and 
agitation for several times successively during the 
space of 24 hours, and then preserve the liquor, upon 
a part of the lime left undissolved, in a well corked 
bottle, and filter or decant oft the lime water, when 
wanted for use. 

The proportion of water above stated to be used 
is scarcely sufficient to dissolve one-tenth part of the 
lime; but lime being of little value, and seldom tho 
roughly good, a little waste of this material is of no 
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importance, where the object is to obtain a saturated 
solution of it in water quickly and easily. 

The most convenient state for keeping lime fit for 
immediate use is to convert it into a hydrate, which 
may be done by sprinkling so much water on dry 
quicklime, as is just sufficient to cause the lime to 
fall into a perfectly dry powder. In this compound, 
or hydrate of lime, the lime is to the water as 23 to 
8, It may safely be preserved in this state in glass 
bottles ; which cannot be done with quicklime in its 
perfect dry form, for in that state it almost constantly 
breaks the bottle, on account of its swelling, from the 
moisture which it attracts when the bottle is occa- 
sionally opened. 

XXII. TAN. 

This substance is employed for detecting animal 
gelatine, or jelly, with which it forms an elastic, ad- 
hesive mass, which soon dries in the open air, and 
becomes converted into a brittle resinous-like sub- 
stance, which is insoluble in water, and capable of 
resisting a great number of chemical agents. It 
greatly resembles over-tanned leather. The power 
of tan as a test of gelatine is very great. Dr. Bos- 
tock found a copious and immediate precipitate, on 
adding a moderately strong infusion of tan to water 
containing only 1-1000 of isinglass, and a very consi- 
derable precipitate when the gelatine was only 1-2000. 
An immediate precipitate with tan may therefore be 
considered as a pretty certain indication of gelatine. 
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To render this test accurate, it is necessary to attend 
to the circumstance, that tan likewise produces a pre- 
cipitate with albumen. This, however, is much less 
evident ; it does not take place immediately, but only- 
after the mixture has stood for some time ; and the 
distinction between these bodies is likewise easily es- 
tablished by the use of other tests. 

Dr. Bostock has also pointed out a very ingenious 
method of detecting and ascertaining the quantity of 
gelatine contained in an animal fluid. If oxy-muri- 
ate of mercury produces no precipitate (see oxy-mu- 
riate of mercury, p. 73) we may be certain of the ab- 
sence of albumen. Then the infusion of tan being 
mixed with the liquid in such a proportion that the 
filtered fluid will neither precipitate infusion of tan, 
or the animal liquid under examination, a precipitate 
falls down, composed of about two parts of tan and 
three parts gelatine. Hence this precipitate dried in 
a steam bath, and multiplied by 0.6 gives the weight 
of gelatine in the liquid examined, very nearly. 

EXPERIMENT LXXXVIII. 

Mix a small quantity of dissolved glue, or isin- 
glass, with water, and drop into it a solution of tan; 
a copious flocculent precipitate will immediately fall 
down, consisting of tan and gelatine. 

EXPERIMENT LXXXIX. 

Dissolve a small quantity of portable soup, (which 
may be had at the confectioners') in boiling water, 
( 10) 
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and add to it a solution of tan ; an abundant curdy 
precipitate will take place, as in the preceding ex- 
periment. The same will be the case if tan be drop- 
ped into broth. 

XXIII. NITRATE OF COBALT. 

This salt has of late been recommended, by Mr. 
Gahn, the celebrated German mineralogist, and disco- 
verer of the metallic nature of manganese, as a test 
for readily discovering the presence of alumine in 
mineral substances, when submitted to the trial of the 
blowpipe assay. It is to be used in the following man- 
ner ; put on the substance to be tried a drop, or less, of 
a concentrated solution of nitrate of cobalt, and then 
expose it to the flame of the blowpipe dart. If the 
mineral contains alumine, in any notable quantity, and 
is not too much charged with iron, or other colouring 
metals, it will soon acquire a blue colour, more or less 
vivid and intense, according to the purity and abun- 
dance of the alumine which it contains. 

The test may be applied to the hardest gems, or 
softest clays. When the mineral is a hard stone, it is 
only necessary to pulverise it well, and to drop on it 
a minute portion of the test, and then to expose it to 
the action of the blowpipe dart, upon a piece of platina 
foil. The test, however, labours under one disadvan- 
tage, for the earth of zircon produces the same blue 
colour : but as the characters of zircon earth are ex- 
ceedingly well marked, the application of a few ad- 
ditional tests readily enables us to know to which 
of the earths the colour be owing. 
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EXPERIMENT XC. 

Let fall a drop of a solution of, nitrate of cobalt 
upon a piece of common pipe-clay of the size of a 
pea, and heat the mixture gradually, on a slip of 
platina foil, before the blowpipe flame ; the clay will 
acquire a smalt blue colour. 

EXPERIMENT XCI. 

Moisten a piece of quicklime, chalk, magnesia, or 
a minute portion of pulverised flint, with nitrate of 
cobalt, and expose the mixture to the heat of the 
blowpipe dart ; these earths will not acquire a blue 
colour ; the mere effect of the nitrate of cobalt will 
be, to impart to them, before the blowpipe flame, a 
dull gray or black colour. 

EXPERIMENT XCII. 

Again ; take a piece of light yellow ochre, drop 
on it a minute quantity of nitrate of cobalt, and make 
it red hot by means of the blowpipe flame ; this 
substance will acquire a dark blue or purple colour ; 
because ochre is chiefly composed of alumine. The 
oxide of iron which it contains acquires a red colour 
when heated, and this, with the blue effected by alu- 
mine, produces the purple or violet tinge. 

XXIV. SUPER-ACETATE OF LEAD. 

This is another test which may be employed for 
detecting muriatic acid and sulphuric acid, with both 
of which it occasions a white precipitate, namely 
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muriate of lead, and sulphate of lead. The precipi- 
tate produced by muriatic acid is soluble in dilute 
nitric and acetic acid, (see page 61 and 63) but the 
precipitate produced by sulphuric acid is not. Its 
action upon muriatic acid is much inferior to nitrate 
of silver. It is also decomposed by alcalies and 
earthy carbonates ; but this may be prevented by a 
previous admixture of nitric acid. Super-acetate oi 
lead, (or more properly acetate of lead) may also be 
employed as a test for phosphoric acid, with which 
it produces a white precipitate ; even a solution of 
phosphate of lime is completely decomposed by this 
salt, all the phosphoric acid is separated, and by dou- 
ble decomposition a precipitate of phosphate of lead 
is produced, which is readily known by the following 
characters. When heated by the blowpipe on a piece 
of charcoal, it melts easily into a pearl-white glo- 
bule, which immediately on discontinuing the flame 
cools into a button of a polyhedral form ; and if the 
flame be continued, the phosphoric acid is gradually 
decomposed, and burns off with a luminous vapour 
smelling of phosphorus, and at last a globule of pure 
lead is left. The precipitate or phosphate of lead, 
when dried at a low red heat, contains 22.5 per cent, 
of phosphoric acid. If sulphuric acid in any combi- 
nation should happen to be present in the solution of 
phosphate of lime, it will also be decomposed by the 
super-acetate of lead, and the precipitate will there- 
fore be a mixture of sulphate and phosphate of lead. 
These are separable by dilute nitric acid, which will 
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dissolve the phosphate of lead, but not the sulphate. 
Super-acetate of lead is one of the most delicate tests 
for discovering minute portions of sulphuretted hy- 
drogen gas, or sulphurets in general, with which it 
instantly forms a black precipitate. It has been re- 
commended as a test for carbonic acid, but is seldom 
employed for that purpose, for we have better tests 
for carbonic acids. It has also been used as a test for un- 
combined boracic acid, particularly in the analysis of 
mineral waters. In that case the uncombined alcalies 
and earths (if any be present) must be saturated with 
acetic acid. The sulphates, if any are present, must 
be decomposed by acetate or nitrate of barytes, and 
the muriates by acetate or nitrate of silver. The fil- 
tered liquor, if boracic acid be contained in the wa- 
ter; will continue to give a precipitate, which is solu- 
ble in nitric acid of the specific gravity 1.3, and this 
precipitate or borate of lead may be decomposed by 
boiling with sulphuric acid; which forms with it 
sulphate of lead, and the boracic acid is set at liberty. 
The fluid containing the boracic acid may then be 
evaporated to dryness, and digested in alcohol, which 
then takes up the boracic acid. 

EXPERIMENT XCIII. 

Drop into a test tube, half filled with distilled wa- 
ter, a grain of common salt, or a drop of muriatic 
acid, and add to the solution a drop of super-acetate 
of lead ; a white precipitate will immediately fall 
down, which is muriate of lead. This precipitate is 
10-2 
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again soluble with the assistance of heat in nitric or 
acetic acid, and also in a large quantity of boiling 
water (see page 62,) 100 parts of the dried precipi- 
tate indicate 75 of metallic lead. 

EXPERIMENT XCIV. 

Add to half a test tube full of distilled water a 
grain or two, of sulphate of soda, or of sulphate of 
potash, and assay it by the admixture of super-acetate 
of lead ; an abundant white precipitate will fall down, 
which is sulphate of lead. 

EXPERIMENT XCV. 

Repeat the same experiment with a single drop of 
sulphuric acid, added to a wine glass full of water ; 
and the same appearance as in experiment XCIV. 
will take place; 100 parts of the precipitate (sulphate 
of lead) after having been heated moderately to red- 
ness, indicate 71 of lead. 

EXPERIMENT XCVI. 

Super-acetate of lead is the test usually employed in 
commerce for detectingthe genuineness of lemon juice. 
This article, which is largely imported in the liquid 
state, is not unfrequently adulterated with some strong 
and cheaper acid. The sulphuric acid is most to be 
suspected. It is detected in the following way ; put 
iome of the juice in a glass, and add to it a solution 
of super-acetate of lead. This will produce a copi- 
ous white sediment ; after which add a few drops of 
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strong nitric acid. If the juice contained no sulphu- 
ric acid, the white precipitate will be re-dissolved, 
and the liquor become again clear, the citrate of lead, 
(and malate of lead of which a small portion will also 
be formed) being readily soluble in nitric acid, but 
if the lemon juice was mixed with sulphuric acid, 
the sulphate of lead will remain at the bottom. If 
this be collected, washed, and dried, the quantity of 
sulphuric acid may be estimated from the known pro- 
portions of this salt, as stated, page 102. 

EXPERIMENT XCVII. 

Dissolve a few grains of sub-carbonate of soda, ov 
of potash, in a wine glass full of distilled water, and 
pour half the solution into another glass. Drop into 
one of the glasses a little super-acetate of lead ; a 
white precipitate (carbonate of lead) will immedi- 
ately be formed. Add to the other glass nitric acid, 
till the potash contained in the fluid is neutralized. 
This being done, pour into it also a few drops of su- 
per-acetate of lead, no precipitate will now appear, 
because the action of the sub-carbonated alcali is thus 
counteracted, and the test will now indicate muriatic 
and sulphuric acid. 

EXPERIMENT XCVIII. 

Add to any quantity of water impregnated with 
sulphuretted hydrogen gas a drop of super-acetate of 
lead ; clouds of a dark brown colour will immediately 
appear, and a precipitate of the same colour will be 
deposited, which is hydro-sulphuret of lead. 
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EXPERIMENT XCIX. 

The effect of a sympathetic ink, with super-ace- 
tate of lead, may serve to show in a striking manner 
the action of this test, with regard to sulphuretted 
hydrogen ; namely, by writing on paper with a pen 
dipped into super-acetate of lead. No characters 
will be visible (if the writing has been made with a 
dilute solution of the re-agent.) And if the paper 
be held over a saucer, or other vessel, containing wa- 
ter impregnated with sulphuretted hydrogen gas, or 
when the paper is moistened with this liquid, the 
letters assume a brilliant metallic and irridescent 
colour. 

EXPERIMENT C. 

Dissolve two grains of phosphate of soda in half 
a test tube full of distilled water, and drop into the 
solution a little super-acetate of lead ; a white pre- 
cipitate will take place, which is phosphate of lead. 
— This precipitate disappears again by the admix- 
ture of nitric acid. 

EXPERIMENT CI. 

Affuse upon bone ash (bone burnt to whiteness) 
sulphuric acid ; a partial decomposition will take 
place, because bone, which is phosphate of lime, 
gives up part of its lime to the sulphuric acid, and 
an acidulous phosphate of lime is produced. If into 
this fluid, when diluted with water, a few drops of 
super-acetate of lead are suffered to fall, a white pre- 
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cipitate takes place, which consists of all the phos- 
phoric acid united to oxide of lead. The sulphuric 
acid also falls down, in combinati6n with another 
portion of the oxide of lead, and forms sulphate of 
lead. These two precipitates may be separated by 
dilute nitric acid, which dissolves the phosphate, but 
does not touch the sulphate of lead. 

EXPERIMENT CII. 

Let fall into water impregnated with carbonic acid 
gas, two or three drops of super-acetate of lead ; a 
white powder will fall down, which is carbonate of 
lead, (white lead of commerce.) The same effect 
will take place, if the air respired from the lungs be 
blown by means of a quill, or glass tube, through a 
solution of super-acetate of lead. The carbonate of 
lead is soluble in caustic potash ; and by the action 
of the blow pipe on charcoal the acid is driven off, 
and the lead is reduced to the metallic state. 

Super-acetate of lead strongly attracts carbonic 
acid from the air, it ought therefore be kept in a well 
stopped bottle. 

XXV. SUB-ACETATE OF LEAD. 

This combination of lead with acetic acid, which 
is vulgarly called Goulards Extract, is recommended 
by Dr. Bostock to discover the presence of mucous, 
or animal mucilage ; and to discriminate it in the 
analysis of animal fluids from gelatine, with which 
it has been so often confounded. Sub-acetate of 
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lead instantly acts upon animal mucous, and produ-> 
ces with it a copious white and flaky precipitate, but 
it is not sensibly rendered turbid by a solution of 
animal gelatine. A solution of sub-acetate of lead 
may also be employed for separating the extractive, 
acid and colouring matter from wine, so as to ena- 
ble us to abstract from the remaining colourless li- 
quor, by means of a sub-carbonated alcali, all the 
water which it contains ; and to ascertain in a ready 
manner the quantity of alcohol or brandy which was 
present in the wine. And this method of obtaining 
alcohol or brandy from wine at once destroys the 
commonly received opinion, first entertained by Fa- 
brony, namely, that the spirit obtained from wine 
is formed during the distillatory process, whilst on 
the contrary it clearly proves, that brandy or spirit of 
wine exists ready formed in all vinous liquors, and 
that it may be separated from them without distilla- 
tion. And further : that the quantity thus separa- 
ted is precisely equal to the proportion yielded by 
the common method of distillation. The process, 
which is as follows, was first pointed out by Mr. 
Brande. 

EXPERIMENT CHI. 

Add to eight parts by measure of the wine to be 
examined one part of a concentrated solution of 
sub-acetate of lead ; a dense insoluble precipitate will 
ensue ; it is a combination of the test with the co- 
louring, extractive, and acid matter of the wine. 
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Shake the mixture for a few minutes, pour the whole 
upon a filtre, and collect a filtered fluid. It contains 
the brandy or spirit, and water of the wine, together 
with a portion of the sub-acetate of lead, provided 
the latter has not been added in excess ; in which 
case a part (of course) remains undecomposed. Add, 
in small quantities at a time, to this fluid, warm, 
dry, and pure sub-carbonate of potash, (?iot salt of 
tartar, or sub-carbonate of potash of commerce') which 
previously has been freed from water by heat, till 
the last portion added remains undissolved. The 
brandy or spirit, contained in the fluid, will thus be- 
come separated; for the sub-carbonate of potash ab- 
stracts from it the whole of the water with which it 
was combined ; the brandy or spirit of wine forming 
a distinct stratum, which floats upon the aqueous so- 
lution of the alcaline salt. If the experiment be made 
in a glass tube, from one half an inch to two inches 
in diameter, and graduated into 100 equal parts ; the 
per centage of spirit in a given quantity of wine 
may be read off by mere inspection. 

By operating on artificial mixtures of alcohol and 
water, Mr. Brande found, that when the alcohol is 
not less than 16 per cent, the quantity indicated by 
the dry and warm sub-carbonate of potash, after the 
colouring and acid matter has been separated by sub- 
acetate of lead, was always within one-half part in 
100 of the real proportion contained in the mixture. 
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Table exhibiting a comparative view of the quantity 
of Alcohol, {specific gravity, 825,) obtained by Mr. 
Brande from various Wines and Spirituous Li- 
quors. 





Strongest. 


Medium. 


Weakest. 




53.68 








53.39 




Hollands .... 




51.60 




Raisin wine . . 




25.77 


21.40 




25.83 


23.49 


19.34 


Madeira .... 


24.42 


22.27 


17.26 




25.87 


21.56 




Currant wine . 




20.55 




Constantia . . . 




19.75 






19.83 


19.17 


18.25 






18.94 








18.49 




Red Madeira . 




18.40 




Cape muscat . . 




18.25 




madeira . 




18.11 




Grape wine . . . 




18.11 




Calcavella .... 




18.10 




White hermitage 




17.43 




Rousillon .... 




17.26 








17.26 




Malmsey mad. 




16.40 








15.52 








15.28 








14.63 






16.32 


14.44 


12.91 






13.30 




Burgundy .... 


14.53 


13.24 


11.95 


White champ. 




12.80 




Vin de Grave . 




12.80 




Frontignac . . . 




12.79 





ON CHEMICAL TESTS. 



109 



Table exhibiting a comparative view of the quantity 
of Alcohol, (specific gravity, 825,) obtained by Mr. 
Brande from various Wines and Spirituous Li- 
quors. 



Red hermitage 
Gooseberry wine 
Hock 

Elder wine . . . 

Ale 

Brown stout . . 


Strongest. 


Medium. 


Weakest. 


14.37 


12.32 

12.32 

11.84 

11.62 

9.88 

9.87 

9.87 

9.87 

8.88 

8.80 


8.88 



The following Table exhibits the quantity of Alcohol 
contained in Ale, Porter, and other Kinds of Malt 
Liquors. See Repository of Arts, No. 2, p. 74, 
1816. 

Kind of Malt Liquor Quantity of Alcohol. 

100 parts contained. Parts of Alcohol. 

Ale, home brewed - 8.30 

Ale, Burton, three samples yielded upon an 
average _____ 

Ale, common London-brewed, six samples 
yielded upon an average - 

Ale, Scotch, two samples, ditto 

Porter, London, eight samples, ditto 

Porter, bottled, three samples, ditto 

Brown stout, four samples, ditto 

Small Beer, six samples, ditto 



6.25 

5. 

5.75 

4. 

2.75 

5. 

0.75 
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EXPERIMENT CIV. 

The action of sub-acetate of lead as a test for mu- 
cous may be shewn in the following manner. Rince 
and macerate an oyster in cold distilled water ; eva- 
porate to dryness the mucous matter thus obtained ; 
re-dissolve the dry mass in distilled water and filter 
it. If to this fluid a few drops of sub-acetate of lead 
be added, a copious white flocculent precipitate will 
be obtained. 

The same effect is produced if the solid matter ob- 
tained by evaporating saliva to dryness be re-dis- 
solved in water, filtered and submitted to the action 
of this test. 

XXVI. MURIATE OF PLATINA. 

This is a valuable test for distinguishing the salts 
of potash from those of soda, it produces with all 
the salts of potash, a yellow precipitate, which is not 
an oxide of platina, but a triple salt, (prussiate of pla- 
tina and potash) and it does not affect the salts with 
a base of soda. In using this test, it is essential that 
there be no excess of acid ; and the solution should 
be somewhat concentrated. Its action is greater than 
tartareous acid, (see page 63.) 

EXPERIMENT CV. 

Add to half a test tube full of distilled water, a 
few grains of potash, or sub-carbonate of potash ; and 
then add a drop of the solution of muriate of platina; 
the fluid will instantly become turbid, and a yellow 
precipitate will fall to the bottom of the tube. 
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EXPERIMENT CVI. 

Add to a like quantity of distilled water a few 
grains of soda, or of sub-carbonate of soda, and add 
to it also muriate of platina; no change will take 
place, because soda is not precipitable by this test. 

EXPERIMENT CVII. 

Drop into a concentrated solution of sulphate of 
potash, a little muriate of platina, the same pheno- 
mena will take place as in Experiment CVII. 

EXPERIMENT CVIII. 

Add to a solution of sulphate of soda, a few drops 
of muriate of platina, no change will take place. 

In this manner the two alcalies, viz. potash and 
soda, and their combinations, are easily discrimina- 
ted. See also Tartar eous acid, page 63. 

XXVII. GREEN SULPHATE OF IRON. 

This salt has been recommended for ascertaining 
the presence of oxigen gas, of which mineral, and 
other waters, sometimes contain a small quantity. 
The presence of this gas is discovered by dissolving 
in the water a small quantity of this salt. If the wa- 
ter be entirely free of oxigen, and the phial contain- 
ing it be well stopt, the solution is transparent ; but 
if otherwise, it soon becomes slightly turbid, from 
the oxide of iron attracting the oxigen of the water, 
and a small portion of it in this more highly oxida- 
ted state, leaving the acid, becomes precipitated. 
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Green sulphate of iron is also employed for detect- 
ing the presence of gold, with which, when in a state 
of solution it produces a brown precipitate, which is 
metallic gold, (see page 70.) It also throws down 
palladium in a metallic form. It is likewise useful 
for detecting gallic acid, with which, (like all other 
salts of iron) it produces a precipitate, which spee- 
dily becomes black on exposure to the air. 

EXPERIMENT CIX. 

Fill a phial brim lull with the water to be examin- 
ed, and drop into it a few crystals of sulphate of 
iron, and cork the bottle close. In a little time the 
sulphate of iron will be dissolved, and if the mixture 
be suffered to stand for six or eight hours, a brown 
oxide of iron, or ochry precipitate, will fall to the 
bottom, if oxigen gas was present in the water. 

The action of this test must be received with some 
limitation; for common air, which is present in all 
natural waters, produces in part a like effect, and it 
is only from comparing the quantity of the precipi- 
tate with common spring water, that some notion 
may be formed. Mr. Henry expelled the air from a 
portion of spring water by boiling ; 100 cubic inch- 
es of the water yielded 4.76 inches of gas. This gas 
he found a mixture of 3.38 inches of carbonic acid, 
and 1.38 of atmospherical air. It is to the presence 
of these two elastic fluids, that water owes its taste, 
and many of the good effects which it produces on 
animals and vegetables. Hence the vapidness of 
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newly boiled water, from which these gases are ex- 
pelled. 

EXPERIMENT CX. 

Add to half a test tube full of distilled water a 
few drops of muriate of gold; no change will take 
place ; but if sulphate of iron dissolved in water be 
added, a brown precipitate will fall down, which is 
gold in a metallic state, (see page 71.) This process 
has been recommended for obtaining pure gold. 
From the purplish colour which the precipitate pos- 
sesses, there is however reason to believe that it 
contains a portion of oxide, and, according to Proust, 
both muriatic and nitric acid dissolve a little of it, 
which must be regarded as a proof of this oxidized 
state. 

XXVIII. ARSENIOUS ACID. 

A solution of arsenious acid in water is of use for 
discovering the presence of sulphuretted hydrogen 
gas, and sulphurets in general, with which it pro- 
duces a yellow precipitate ; and with the salts of lead 
it produces a white precipitate. It is occasionally 
used as a standard of comparison, to confirm or in- 
validate the action of other tests, when employed for 
the discovery of arsenic, particularly in cases where 
collateral circumstances render the phenomena of the 
usual tests doubtful. 

11-2 
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EXPERIMENT CXI. 

Add a little of the solution of arsenious acid to 
half a test tube full of distilled water, and no altera- 
tion of colour will take place ; but on adding to the 
fluid, water impregnated with sulphuretted hydrogen 
gas, a bright yellow precipitate will be produced, 
which is hydro-sulphuret of arsenic. 

XXIX. MURIATE OF GOLD. 

It is chiefly of use for detecting the presence of 
tin, with the solutions of which, when the tin is at a 
minimum of oxidation, it produces a purple, or pur- 
plish brown precipitate ; hence muriate of gold, and 
sub-muriate of tin, are reciprocally tests for each 
other. See sub-muriate of tin. Muriate of gold has 
also been recommended as a test for albumen ; it 
throws down a dense flocculent precipitate from a 
solution containing 1 -1 ,000 part of this substance ; but 
oxy-muriate of mercury (see page 71) is a better test 
for detecting this substance, because it effects no 
change in solutions containing jelly, or animal gela- 
tine, and mucous, whereas muriate of gold appears 
to have a slight action on these bodies. 

XXX. SULPHATE OF COPPER. 

This salt may be employed for discovering arse- 
nic, with which it produces a bright yellowish green 
precipitate, provided a very small quantity of a sub- 
carbonated alcali has previously been added to the 
fluid in which the arsenic is suspected. Water im- 
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pregnated with sulphuretted hydrogen gas produces, 
with this salt, a dark brown precipitate, which is a 
hydro-sulphuret of copper. 

EXPERIMENT CXII. 

Add a small quantity of solution of arsenious acid 
to half a wine glass full of distilled water, in which 
previously a grain of sub-carbonate of potash has 
been dissolved; a green flocculent precipitate will 
instantly fall down. This substance, after being dried 
and mixed with a little powdered charcoal, and put 
into a glass tube closed at the bottom, and lightly 
stopped at the top, and then heated slowly to red- 
ness, will yield a metallic sublimate, which will give 
the strong smell peculiar to arsenic, and which con- 
denses on the sides of the tube, and lines it with a 
brilliant metallic coating. The same strong smell 
and dense white fumes will be given, merely by put- 
ting the dried precipitate on an ignited piece of char- 
coal. 

To identify arsenic, when this is one of the tests 
employed for detecting it, Dr. Henry advises (very 
properly) to perform, at the time of making the ex- 
periment, similar comparative experiments, with 
what is actually known to be arsenic. 

Because the proportions of sulphate of copper and 
alcali employed have considerable influence on the 
distinct exhibition of the effect. Those which answer 
best are, one of arsenic, three of sub-carbonate of 
potash (or common salt of tartar) and five of sul- 
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phate of copper. For instance, if a solution of one 
grain of arsenic and three grains of potash, in two 
drachms of water, are mingled with another solu- 
tion, of five grains of sulphate of copper in the same 
quantity of water, the whole becomes converted into 
a beautiful grass-green mixture, from which a co- 
pious precipitate of the same hue slowly subsides, 
leaving the super-natant liquor transparent and near- 
ly colourless. When the same materials, except 
with the omission of the arsenic, are employed in a 
like manner, a delicate sky blue mixture results, so 
different from the former, as not to admit of the pos- 
sibility of mistake. In this way one-fortieth of a 
grain of arsenic diffused through 60 grains of water 
afforded to Dr. Bostock, by the addition of sulphate 
of copper and potash, in proper proportions, a dis- 
tinct yellowish green precipitate. See Edinburgh 
Medical and Surgical Journal, v. 166. In employ- 
ing this test, it is necessary to view the fluid by re- 
flected, and not by transmitted light, and to perform 
the experiments by day-light. To render the effect 
more apparent, a sheet of white paper may be placed 
behind the glass or test tube in which the mixed 
fluids are contained. 

XXXI. MURIATE OF LIME. 

Is of some use as an auxiliary test, for discover- 
ing the presence of alcaline carbonates, all of which 
decompose this salt, and produce with it carbonate 
of lime. It is further useful in the analysis of vegeta- 
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hie substances, for detecting the presence of oxalic, 
malic and tartareous acid, with which it produces a 
white crystalline precipitate, which is highly insolu- 
ble in water, but readily soluble in dilute nitric acid, 
and the precise nature of which may then be farther 
examined with less difficulty, so as to discriminate 
which particular vegetable acid entered into its com- 
position. 

Dry muriate of lime is employed also to strengthen 
spirit of wine, because the affinity of alcohol for wa- 
ter is so strong that it cannot be entirely freed from 
it by simple distillation. And \>y muriate of lime 
this may readily be effected. For this purpose one 
part of muriate of lime rendered perfectly dry, by 
having been exposed to a red heat, and powdered 
after it has become cold, is put into the retort or 
still ; over this, three parts of highly rectified spirit 
are to be poured, and the mixture well agitated ; by 
distillation with a very gentle heat, about two-thirds 
of the spirit will then be obtained in the state of per* 
fectly pure alcohol. 

XXXII. BENZOATE OF AMMONIA. 

Benzoate of ammonia is an excellent test for sepa- 
rating iron from manganese when together in one 
solution ; it is necessary, when employed for this 
purpose, that the solution containing the two oxides, 
should be rendered previously neutral with accuracy 
by the admixture of ammonia, or any other alcali ; 
and then the benzoate of ammonia may be added, 
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till no more precipitate falls down. This precipitate 
is benzoate of iron, for all the manganese remains in 
the solution. 

It may however happen that, after having precipi- 
tated the iron from the solution containing several 
kinds of earths and metallic oxides, that part of the 
benzoate added exists inthe solution in excess ; in 
that case it ought to be destroyed by boiling the so- 
lution with some acid, to obviate any confusion 
which might happen to be produced by the benzoic 
acid, on the continuation of the analysis. 

Benzoate of ammonia not only separates iron from 
manganese, but it will also detach this metal from all 
earthy salts, and from nickel, cobalt, zinc, and many 
other metals, none of which are precipitated by this 
test, when properly applied ; that is to say, if the fol- 
lowing circumstances be attended to. Let the solu- 
tion of the iron, which ought to be in the state of pe- 
roxide, be rendered perfectly neutral, by the admix- 
ture of ammonia, and dilute it considerably with dis- 
tilled water. Then let fall into the fluid, drop by 
drop, the solution of benzoate of ammonia, till no 
further precipitate appears. 

Throw the mass on a nitre, wash the insoluble re- 
sidue with cold water, and dry the precipitate at a 
temperature of 212°. The benzoate of iron thus ob- 
tained contains 25 per cent, of red oxide of iron, 
and 75 of benzoic acid and water. 

If the benzoate of iron be digested for about 12 
hours in liquid ammonia, it becomes completely de- 
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composed ; the red oxide of iron falls down to the 
bottom of the vessel, and benzoate of ammonia re- 
mains in solution. We are indebted to Berzelius 
for this test. Its utility must be obvious to all, who 
are employed in analytical labours ; because the com- 
plete separation of manganese from iron has hitherto 
been attended with peculiar difficulty. 

XXXIII. WATER IMPREGNATED WITH 
SULPHURETTED HYDROGEN GAS, 

OR 

LIQUID SULPHURETTED HYDROGEN 

This fluid precipitates many of the genera of metals 
from their solutions in acids, and produces, with most 
of them, dark coloured precipitates ; and as it affects 
none of the earths, with the exception of zircon and 
alumine, it gives us a very valuable agent in analysis. 
And besides this, some metals may at once be re- 
cognised by the colour of the precipitate which they 
afford with this fluid. For example : with zinc this 
test produces a white precipitate, with the salts of 
antimony a bright orange coloured one ; arsenic is 
precipitated yellow; tin, chocolate brown; gold, a 
dark purple ; platina, reddish brown or nearly black. 
The solutions of lead (page 104) silver (page 86,) 
mercury, copper and bismuth, are precipitated of a 
dark brown or black colour. The colours of the pre- 
cipitates are however very liable to variation, from 
the state of combination. And, particularly, the de- 
gree of oxidizement of the metal in the solution has 
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a material influence on the colour of the precipitates. 
Most of the precipitates are compounds of sulphu- 
retted hydrogen with the metallic oxide ; or in some 
cases a decomposition more or less complete, takes 
place ; part of the hydrogen first unites with part, if 
not all, of the oxigen of the metallic oxide, and re- 
duces it nearly to the metallic state, or to a state of 
minimum of oxidizement, and the remainder of the 
sulphur and hydrogen unite with the metal, and the 
whole is separated from the acid of the solution in the 
form of a coloured precipitate, which therefore is 
either a sulphuret, or ahydro-sulphuret, of the metal, 
according to circumstances. Sometimes, too, a small 
portion of sulphuric acid is formed at the same 
time, which renders the play of infinities still more 
complex. Some of the metallic solutions afford no 
precipitate with sulphuretted hydrogen, or at least 
the precipitate is redissolved by a slight excess of 
acid. The metals which afford no precipitate are 
those chiefly which have a great affinity for oxigen, 
and which decompose water; namely, iron, cobalt, 
nickel, manganese, uranium, titanium, and cerium. 
But some of these metallic solutions become more 
or less deeply coloured by this test. Thus, if liquid 
sulphuretted hydrogen be added to a weak solution 
of red sulphate of iron, the metal becomes reduced 
immediately to the state of the green or less oxige- 
nized sulphate, and no actual metallic compound 
falls down; but sulphur is merely precipitated. 
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EXPERIMENT CXIII. 

Dissolve one or two grains of sulphate of zinc 
(white vitriol) in half a test tube full of distilled 
water, and add to the solution liquid sulphuretted 
hydrogen. The zinc will become precipitated in the 
form of a xvhite gelatinous sediment, which is a hy- 
dro-sulphuret of zinc. 

EXPERIMENT CXIV. 

Dissolve a few grains of tartrite of antimony and 
potash (emetic tartar) in a test tube full of distilled 
water; and drop into the solution, gradually, liquid 
sulphuretted hydrogen; a bright orange coloured 
precipitate will be obtained. 

EXPERIMENT CXV. 

Mingleasmall quantity of the solution of arsenious 
acid with half a test tube full of distilled water, and 
add to the mixture liquid sulphuretted hydrogen ; a 
yellow precipitate will immediately be produced. 

EXPERIMENT CXVl. 

Let fall a few drops of sub-muriate of tin into half 
a wine glass full of distilled water, and add to the 
mixture liquid sulphuretted hydrogen ; a chocolate 
brown precipitate will be produced. 

EXPERIMENT CXVII. 

Mix a few drops of muriate of gold with half a 
test tube full of distilled water, and add to the mix- 
(12) 
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ture liquid sulphuretted hydrogen ; a dark orange 
brown precipitate will fall down, which is sulphuret 
of gold, and which is composed of 80.39 gold, and, 
19,61 sulphur. (Thompson's Annals, No. 2, 1813, 
p. 141.) When exposed to heat it gives up its sul- 
phur, and the residue is metallic gold. 

EXPERIMENT CXVIII. 

Add to half a test tube full of distilled water from 
ten to twenty drops of muriate of platina ; and drop 
into the mixture liquid sulphuretted hydrogen; a 
black precipitate will take place, which becomes red- 
dish brown, with an excess of the test. It is accord- 
ing to Berzelius a perfect sulphuret of platina. 

XXXIV. TINCTURE OF GALLS. 

This is an excellent test for detecting the presence 
of iron. It produces, with this metal, a violet or 
black precipitate, whether the iron be held in solution 
by carbonic acid, or by any other acid. If the iron 
be dissolved in carbonic acid, as is often the case in 
mineral waters, the solution, after having been con- 
centrated by boiling, is no longer tinged of a violet 
or black colour ; but if it be held in solution by any 
other acid, the test still continues to produce a black 
precipitate. When the quantity of iron is exceeding- 
ly small, as is in general the case in Chalybeate wa- 
ters, tincture of galls does not actually produce a sen- 
sible precipitate, but only a slight purple tinge. A 
neat way of applying this test in cases, where the 
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quantity of iron is very small, consists in suspending 
a slice of the gall-nut by a silken string in the water 
to be examined. The iron, in order to afford a pur- 
ple or black precipitate with tincture of galls, must be 
in the state of red oxide, and if oxidized in a less de- 
gree, the effect will not be instantaneous, but will only 
take place after leaving the mixture to stand some 
time in contact with the air. The black colour can 
however be also rendered apparent, even in solutions 
of iron containing the metal in a lower state of oxi- 
dation, by causes which cannot change the state of 
oxidation, as by dilution with water, or by the addi- 
tion of a little alcali ; and the reason therefore of it 
not appearing when the solution contains the iron at 
a minimum of oxidation is, that the oxide in that 
state is retained by a stronger attraction in combina- 
tion with the acid, than when the oxidation is more 
perfect. 

The action of this test is influenced by the pre- 
sence of other bodies. For example ; if alcalies and 
earthy carbonates are present, it then produces, with 
iron, a violet colour. If neutral alcaline salts are 
present, the colour is deepened, or of a dark pur- 
ple ; the presence of sulphate of lime renders the co- 
lour of the precipitate at first whitish, and afterwards 
black ; and carbonate of lime produces the same ef- 
fect. — A dark purple colour indicates other alcaline 
salts ; purplish red denotes sulphuretted hydrogen. 
Mr. Phillips has shewn that carbonate of lime has a 
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considerable effect on the production of colour, by the 
action of tincture of galls on salts of iron. When 
the iron is in a low degree of oxidizement, it rather 
heightens the colour : while, when it is at the maxi- 
mum of oxidizement, it diminishes it so much, that, 
if the iron be present in very minute quantity, it may 
even not be capable of being detected by this test. — 
He has thus been enabled to explain a fact before in- 
explicable, which had given rise to various opinions 
with regard to the hot waters of Bath ; namely, that 
when taken immediately from the spring, and while 
hot, they give indication of a small quantity of iron, 
by the test effusion of galls, while, when they have 
cooled under exposure to the air, so that the iron be- 
comes more oxidized, they appear, from the same 
test, to contain none, though no iron is deposited du- 
ring the cooling. 

Tincture of galls produces, with the solutions of 
osmium, a vivid blue colour. With the solution of 
tellurium it affords a yellow precipitate — with solu- 
tions of mercury an orange coloured precipitate. — 
Silver is precipitated of a white colour — uranium, 
brown — but the colour of the precipitates of these 
metals is upon the whole exceedingly variable, ac- 
cording to the combination or state of existence of 
the metal, and its degree of oxidizement. 

EXPERIMENT CXIX. 

Impregnate a quantity of distilled water with car- 
bonic acid gas, shake it up for a few minutes with a 
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small quantity of iron filings, let the mixture stand 
for about 24 hours, and then decant or filtre it. Take 
half a wine glass full of this chalybeate water, and 
add to it a few drops of tincture of galls. The 
mixture will assume a violet colour, and a black pre- 
cipitate will become deposited, composed of gallic 
acid, tan, and oxide of iron. 

EXPERIMENT CXX. 

Take another portion of the same chalybeate water, 
concentrate it by boiling to about one half of its bulk, 
and when it is become cold, filtre it ; a brown preci- 
pitate (carbonate of iron) will fall down. The re- 
maining clear fluid will no longer be altered by tinc- 
ture of gall, which shows that the iron was combined 
with an excess of carbonic acid, which held it dis- 
solved in the water. 

EXPERIMENT CXXI. 

Add to two or three ounces of distilled water 
five or six drops of sulphuric acid, together with a 
small quantity of iron filings, shake the mixture for 
a few minutes, and let it stand till it is become per- 
fectly clear, or it may be filtered after having stood 
8 or 10 hours. 

To one-half of this clear solution of iron add a 
few drops of tincture of galls ; a violet colour, which 
speedily darkens, will immediately appear. 

Boil the other half of the fluid, till it is concen- 
trated to about one half of its original bulk ; a brown 
12-2 
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powder will separate from the solution during the 
process. When the fluid is cold, nitre it, and exa- 
mine it again, by adding to it a few drops of tincture 
of galls ; which will still occasion a violet or black 
colour, because the iron is combined with a mineral 
acid. A minute quantity of sulphate of iron, dissolv- 
ed in distilled water, will give the same results. 

The black or violet coloured precipitate, which 
this test produces with the solutions of iron, is a 
combination of oxide of iron with the gallic acid and 
tan, contained in the tincture of galls. In order that 
the iron may produce immediately a black precipi- 
tate, it must be in the state of red oxide ; for the 
less oxidized iron does not form instantly a black 
precipitate with these bodies ; but the tendency of 
the oxide of iron in the green sulphate to receive a 
larger proportion of oxygen into the combination is, 
however, such, that it is difficult to prevent a black 
precipitate from being obtained a few moments ex- 
posure to the atmosphere, or the action of the oxy- 
gen even of the air contained in the upper part of 
the test tube, is sufficient to communicate a violet 
tint. The brown precipitate which is produced when 
a solution of green sulphate of iron is boiled, (Ex- 
periment CXXI) is owing to part of the protoxide 
of iron passing to the state of per-oxide, and com- 
bining with a portion of acid, falls down in the form 
of a brown powder, which is a . sulphate of the per- 
oxide with excess gf base, or a sub-sulphate of iron- 
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EXPERIMENT CXXII. 

The effects of a sympathetic ink may be obtained 
by writing on paper with a dilute solution of green 
sulphate of iron ; when the writing is dry, no letters 
are visible ; and if a feather, or sponge moistened 
with tincture of galls, be passed over the paper, the 
writing will instantly become visible, and assume a 
black colour. 

XXXV. SULPHATE OF COPPER AND AM- 
MONIA. 

This test, which is of a very fine azure blue colour, 
may be applied for discovering arsenic when con- 
tained in a liquid. It produces, with it, a yellowish 
green precipitate, which, after being separated from 
the super-natant fluid, dried, and put upon ignited 
coals, produces the peculiar garlic-like odour, which 
is characteristic of arsenic when in contact with red 
hot coals. The precipitate is not soluble in water, 
nor in a solution of arsenious acid, unless added 
largely in excess, but it is soluble in liquid ammonia, 
and in nitric and most other acids. 

EXPERIMENT CXXIII. 

Into half a wine glass full of distilled water let 
fall a few drops of the solution of arsenious acid, and 
add to it a few drops of solution of sulphate of cop- 
per and ammonia ; a-yellowish or pea green preci- 
pitate will ensue, which, if collected, dried, and laid 
on an ignited piece of charcoal, will diffue the pecu- 
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liar garlic like odour, which characterises arsenic 
when heated with combustible bodies. 

EXPERIMENT CXXIV. 

Divide the whole of the fluid, together with the 
precipitate of experiment CXXIII. into four parts, 
and add to one a little distilled water only; to the 
second, a few drops of the solution of arsenious acid ; 
to the third, liquid ammonia; and to the fourth, ace- 
tic, nitric, or any other acid. On the addition of 
water, no alteration will be perceived any more than 
from the solution of arsenious acid ; but if the latter 
be added in great quantity, the precipitate becomes 
re-dissolved ; a few drops of liquid ammonia will 
also immediately dissolve the precipitate, and a blue 
transparent fluid will be obtained, and a little nitric 
acid, added to the fourth part, will in a like manner 
dissolve the precipitate, and form with it a colourless 
solution. 

XXXVI. SUB-BORATE OF SODA, 

Or common borax, when deprived by fusion, of its 
water of crytallisation, becomes glass of borax, an 
excellent flux for all earthy substances and metallic 
oxides, and is employed as such in the blow-pipe as- 
says. 

It likewise renders an essential service in the ope- 
ration of analyzing argillaceous minerals ; these sub- 
stances, which are but feebly acted on when fused 
with alcalies, yield readily to glass of borax. Corun- 
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dum, and the hardest gems, may be subdued by fu- 
sion, by means of this salt. 

XXXVII. SUB-MURIATE OF TIN. 

This is a delicate test for platina, with the solutions 
of which it produces an orange coloured precipitate. 
It is also used as a test for detecting gold, with the 
solutions of which it affords a purple coloured preci- 
pitate, well known by the name of purple precipitate 
of Cassius ; and used to give a red colour to porce- 
lain and glass. Sub-muriate of tin has likewise been 
recommended as a test for detecting albumen, which 
it precipitates from its solution, but less actively than 
corrosive sublimate (see page 71;) for water contain- 
ing 1-200 of alhumen is not altered hy this test im- 
mediately, but only after the mixture has been suf- 
fered to stand some hours. With the neutral salts 
of palladium, this test gives a dark brown precipitate, 
but if added to excess, the liquor remains transpa- 
rent, and of a fine emerald green colour. It also 
produces a dark brown precipitate, with a solution 
of corrosive sublimate of mercury. It is absolutely 
essential that the test be fresh prepared ; or at least 
the tin which it contains should be at a minimum of 
oxidation. 

EXPERIMENT CXXV. 

Mix a drop of muriate of platina with a wine 
glass full of distilled water, and add to the mixture 
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a drop or two of sub-muriate of tin ; a dense orange 
coloured precipitate will fall down. 

EXPERIMENT CXXVI. 

Add to a wine glass full of distilled water one 
drop of muriate of gold, and let fall into this fluid a 
few drops of sub-muriate of tin ; a purple coloured 
precipitate will be obtained, consisting of oxide of tin 
and gold. 

The colour and quantity of the precipitate is ex- 
tremely various, from circumstances not easily ap- 
preciated. Its production is owing to the strong at- 
traction of the tin to oxigen, and the large quantity 
of that principle with which it is disposed to com- 
bine. When the two solutions are mixed, the oxide 
of tin being at the minimum of oxidizement, attracts 
part, or the whole of the oxigen of the oxide of gold ; 
the two oxides, thus brought to states of existence 
different from those in which they were present in the 
separate solutions, are no longer soluble, are precipi- 
tated in combination. This theory also points out 
the circumstances required to be attended to in the 
process, to obtain the precipitate uniform ; the whole 
depends on having the solution of tin at the minimum 
of oxidizement, or as nearly so as possible ; and 
hence it must be used newly prepared, as otherwise 
the tin passes to too highly an oxidated state, and the 
effect of the test is lost. 

The colour of the precipitate approaches more to 
a violet, as the muriate of tin bears a larger propor- 
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tion to that of gold, and the colour communicated by 
this precipitate to porcelain has the same variable 
character. When the sub-muriate of tin is in excess, 
the precipitate is more of a rose colour. A violet 
coloured precipitate M. Oberkampf found to con- 
tain 60 per cent, of oxide of tin, and 40 of metallic 
gold, and a fine purple coloured precipitate con- 
tained 20 1-2 per cent of tin, and 79 1-2 of gold.— 
From the experiments of M. Duportal, it appears 
that the degree of dilution influences much the quan- 
tity of the precipitate ; so that when a very weak so- 
lution of muriate of gold and muriate of tin be em- 
ployed, one part of gold will produce as much as 
5 1-2 parts of purple precipitate. 

EXPERIMENT CXXVII. 

Let fall into a test tube half filled with distilled 
water one drop of a solution of oxy-muriate of mer- 
cury, and add to the mixture a drop of sub-muriate 
of tin ; a dark brown precipitate will instantly be pro- 
duced. 

Sub-muriate of tin has a strong tendency to ac- 
quire a further proportion of oxigen ; it should there- 
fore be preserved in a well stopped bottle. 

XXXVIII. LIQUID AMMONIA. 

Caustic, or liquid ammonia, is chiefly employed in 
analytical experiments, for discovering copper and 
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nickel, with the solutions of which, when added in 
excess, it produces a clear sapphire blue colour. 

To discriminate to which of these metals the blue 
colour be owing, it is only necessary that the ammo- 
nial solution be saturated in excess with sulphuric or 
nitric acid, and then immersing into it a slip or bar 
of zinc ; this metal will precipitate copper, if the co- 
lour be owing to that metal, but with nickel it produ- 
ces no effect; a mud coloured precipitate indeed is 
not unfrequently deposited from a solution of com- 
mon nickel, but this precipitate is for the most part 
arsenic and iron, with which nickel purified in the 
usual way always abounds ; and when all the arse- 
nic capable of precipitation by this method has fall- 
en down, no further digestion with zinc will pro- 
duce the least effect. The solution of oxide of nic- 
kel in ammonia is decomposed, according to Mr. 
Phillips, by the addition of soda or potash ; and he 
has pointed out this as affording a certain and easy 
method of obtaining, what is otherwise very difficult, 
nickel free from cobalt ; the oxide of the latter, when 
dissolved in ammonia, being very slowly and spar- 
ingly precipitated by potash, while that of the former 
is precipitated immediately and largely. He ascribes 
these decompositions to the two alcalies combining, 
and thus weakening the affinity of either to the me- 
tallic oxide. 

Liquid ammonia produces with zinc a white pre- 
cipitate, which again becomes dissolved by a more 
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more copious admixture of the test. Liquid ammonia 
renders great services to the practical analyst, by ena- 
bling him to discriminate, in many cases, saline com- 
pounds with a base of lime from those of magnesia; 
because it precipitates the salts of magnesia partially, 
but not the salts of lime ; at least the latter are not 
precipitated, when lime alone is present. Certain pre- 
cautions are however necessary in the application of 
this substance ; because, although magnesia cannot 
be precipitated entirely from any of its solutions by 
ammonia, yet, if alumine be present, its precipitation 
is complete. Thus, Chevenix found, that on adding 
an excess of ammonia to a solution of muriate of 
magnesia, mixed with a large proportion of muriate 
of alumine, nothing remained in the solution but 
muriate of ammonia : the two earths were precipi- 
tated in combination, and the affinity of the alumine 
to the magnesia had so much aided the decomposi- 
tion, as to render it complete ; and this affinity be- 
tween the two earths was even sufficient to resist the 
action which potash is capable of exerting on alumine. 
And further ; if in the examination of a liquid (for in- 
stance a mineral water) containing carbonic acid, ei- 
ther in a free state, or combined with magnesia, liquid 
ammonia be employed, it will take part of the excess 
of the carbonic acid from the magnesia, and the car- 
bonate of ammonia will then throw down carbonate 
of lime ; and if salts of alumine be present, they will 
likewise be affected. 
(13) 
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It is of the greatest importance to be aware of the 
remarkable property which this re-agent possesses, 
of forming triple salts, either with earths of metallic 
oxides, as is the case when sulphate of magnesia, 
sulphate of lime, and sulphate of iron, occur together. 
In such a case, for example, the excess of acid (ii 
any) must first be neutralized by ammonia ; if suc- 
cinate of ammonia be then added, the iron, if in a 
high state of oxidation, will become precipitated, 
(see succinate of ammonia) and the earths remain un- 
touched. 

Or the solution may be evaporated to dryness, 
and then exposed to a dull red heat for at least one 
hour. By this means the sulphate of iron becomes 
decomposed, its oxide of iron is left behind, and the 
sulphate of lime will be rendered insoluble, whilst 
the sulphate of magnesia is not altered. If the mass 
be theja digested in water, the sulphate of magnesia 
becomes dissolved. 

If sulphate of iron and sulphate of magnesia are 
alone present in a fluid, the insoluble residue will of 
course be oxide of iron. 

Sulphate of lime and sulphate of magnesia may 
also be separated by the following methods : If the 
quantity of sulphate magnesia is comparatively small, 
with regard to the sulphate or lime, liquid ammonia, 
when added to the solution, will separate a portion 
of the magnesia (but not all) and the sulphate of lime 
will not be acted on, provided the mixture be kept 
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for sqme hours in a well corked bottle, to prevent it 
from absorbing carbonic acid of the atmosphere. But 
as it is more commonly required to separate sulphate 
of lime from a larger quantity of sulphate of mag- 
nesia, advantage may be taken of the very difficult 
solubility of the former, and the ready solubility of 
the latter. The mixed solutions therefore should be 
concentrated highly by evaporation; when, after 
some hours repose, most of the sulphate of lime wil* 
separate alone, and may be removed. The solution 
may then be evaporated to dryness, and strongly 
heated, and next pulverised and digested with three 
or four times its weight of cold water, by which the 
whole of the sulphate of magnesia will be dissolved, 
and what little sulphate of lime may remain, after the 
first process, will be left untouched. The solution 
may then be boiled with sub-carbonate of potash, to 
decompose the carbonate of magnesia, and the latter, 
when washed, dried, and ignited in a strong red heat, 
will be magnesia. 

Liquid ammonia may also be employed as an use- 
ful re-agent, to separate oxide of iron from oxide of 
manganese; for this fact we are indebted to Mr. 
Hatchett ; his method is as follows : pour into the 
solution of the mineral in muriatic acid, diluted with 
water, liquid ammonia, till the mixture slightly re- 
stores the blue colour of reddened litmus paper. 
The oxide of iron will thus be separated, and remain 
on the filtre upon which the liquor is thrown, and 
the oxide of manganese will pass through it, in a 
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state of solution combined with muriatic acid. To 
obtain it from this solution, it is only necessary that 
the fluid be evaporated to dryness, and exposed to a 
red heat, to expel the muriate of ammonia. 

EXPERIMENT CXXVIII. 

Add three or four drops of the solution of sulphate 
of copper to half a test tube full of distilled water, no 
change will take place ; but if a few drops of liquid 
ammonia be added, in excess, the mixture will as- 
sume a fine sapphire blue colour, and thus indicate 
the presence of copper. This experiment may be 
pleasingly varied in the following manner. 

EXPERIMENT CXXIX. 

Write on paper with a solution of sulphate of cop- 
per ; the characters or writing will be of a green co- 
lour (or when the solution is dilute, the letters will 
be invisible) and if the paper be held over the surface 
of liquid ammonia contained in a glass or saucer, 
the writing will assume a beautiful blue colour, 
which departs again on moving the paper near a 
fire, or by suffering it to be exposed to the open air 
for some time. 

The presence of copper when contained in pickles, 
to which a beautiful green colour has been given, 
according to the directions of the most popular 
cookery books, by boiling them with half-pence, 
or allowing them to stand for 24 hours in copper 
or brass pans, (See English Housekeeper, bij E. Raf- 
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fald, p. 352, 354.) may thus be detected. It is 
only necessary to mince the suspected pickles, and 
to pour liquid ammonia diluted with an equal bulk 
of water over them in a stopped phial; if the pickles 
contain the minutest quantity of copper, the ammo- 
nia will assume a blue colour. 

EXPERIMENT CXXX. 

Dissolve a few grains of sulphate of zinc (white 
vitriol) in half a test tube full of distilled water, and 
add liquid ammonia to the solution drop by drop ; a 
gelatinous precipitate will be produced ; which dis- 
appears again by a more copious admixture of the 
test. 

EXPERIMENT CXXXI. 

Dissolve five or six grains of sulphate of magne- 
sia in half a test tube full of distilled water, and add 
to the solution liquid ammonia ; part of the magne- 
sia only will be precipitated ; the rest remains in so- 
lution, and, by evaporating the super-natant fluid, a 
triple salt will be formed, consisting of sulphuric 
acid, magnesia, and ammonia. 

Liquid ammonia is known to be perfectly deprived 
of carbonic acid, or fit to be used as a test, when it 
gives no effervescence with acids, no cloudiness on 
mixture with strong alcohol, and particularly when 
it does not alter the transparency of a solution of 
pure lime (calcareous spar, or Carrara marble) in ni- 
trous, muriatic, or acetic acid. This last, which is a 
13-2 
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most delicate test, should be made in a well corked 
bottle ; for though liquid ammonia will not precipi- 
tate lime, carbonated ammonia will do it very rea- 
dily, and the alcali, if exposed to the air, will spee- 
dily absorb from it sufficient carbonic acid to render 
this test fallacious. Besides this, it should yield no 
precipitate with oxalic acid. If muriate of ammonia 
is accidentally mixed with the liquid ammonia in the 
process of distillation, the presence of the muriatic 
acid is thus detected : saturate part of the liquor 
with distilled vinegar, and add to it a few drops of 
nitrate of silver, a white precipitate will then indi- 
cate the muriatic acid ; for nitrate of silver is not 
clouded by pure acetate of ammonia. 

XXXIX. OXALATE OF AMMONIA. 

This salt is the most delicate test for lime, with 
which it produces a white insoluble precipitate ; its 
power is very great. One grain of lime may be de- 
tected by it in 42.250 of water. It also occasions a 
cloudiness in fluids containing magnesia, but then its 
action is comparatively very feeble. The precipi- 
tate, when a small quantity of magnesia is. present, 
does not take place immediately, but only after some 
hours standing ; and, besides this, the magnesia must 
be present in considerable quantity, whilst, on the 
contrary, the minutest portion of lime is immedi- 
ately affected by this test. 

If oxalate of ammonia occasions a white precipi- 
tate before, and not after, having boiled the fluid 
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submitted to its action (for instance a mineral water) 
the lime is dissolved by an excess of carbonic acid; 
and if it continues to produce a precipitate in a liquid 
which has been concentrated by boiling, we then are 
convinced that the lime is combined with a fixed 
acid. From the quantity of the precipitate produced, 
we are enabled to determine the quantity of lime 
which the substance contains. To render this test 
decisive, the following precautions are however ne- 
cessary: 1. The mineral acids, if any be present, 
must be previously saturated with an alcali. 2. Ba- 
rytes, and strontia, if present, must be previously re- 
moved by sulphuric acid. 

The quantity of lime contained in the precipitate 
may be known, by first igniting it with access of air, 
which converts the oxalate into a carbonate of lime ; 
and by expelling from this last the carbonic acid, by 
a red heat in a covered crucible. According to Dr. 
Marcet, 117 grains of sulphate of lime give 100 of 
oxalate of lime, dried at 160 degrees Fahrenheit. 

EXPERIMENT CXXXII. 

Impregnate a small quantity of distilled water 
with carbonic acid, and shake the water up, for some 
minutes, with a small portion of powdered white 
marble, or chalk ; suffer it to stand for at least two 
days, and then filter it. 

To one half of this solution add a few grains of 
oxalate of ammonia, the fluid will immediately be- 
come turbid, and, after some time, a white powder 
(oxalate of lime) will fall to the bottom.. 
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Boil the other half of the liquor over the lamp 
furnace for a little while ; during this process, the 
fluid will become turbid, and a white precipitate 
(carbonate of lime) will be deposited ; and the li- 
quid, after having also been filtered when cold, will 
now no longer be rendered turbid by the test, be- 
cause the carbonic acid, which held the lime in solu- 
tion by virtue of an excess of carbonic acid, being 
volatilized, the lime becomes precipitated in the form 
of carbonate of lime (see page 92.) 

EXPERIMENT CXXXIII. 

Make a mixture, composed of three ounces of 
distilled water, a few grains of powdered white mar- 
ble, or chalk, and a few drops of muriatic acid ; 
shake the mixture for five or six minutes, and suffer 
it to stand till it is become perfectly clear. Pour off 
half a wine glass full of the fluid, and add to it a few 
grains of oxalate of ammonia ; the solution will im- 
mediately become turbid, and oxalate of lime will be 
deposited, in the form of a white powder. 

Having concentrated by boiling another portion of 
the solution, examine it in like manner with oxalate 
of ammonia ; and it will also afford a white precipi- 
tate ; because the acid which holds the lime dissol- 
ved cannot be volatilized by heat. 

EXPERIMENT CXXXIV. 

Pour a few drops of a solution of oxalate of lime in- 
to a test tube full of lime water, and the same pheno- 
mena will take place as in the preceding Experiment. 
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EXPERIMENT CXXXV. 

Pour a little oxalate of ammonia into a tumbler full 
of common spring water ; the water will become 
milky, and a white precipitate will fall down, because 
spring or pump water always contains a portion of 
lime, combined either with sulphuric or carbonic 
acid ; or sometimes both sulphate and carbonate of 
lime are present. 

EXPERIMENT CXXXVI. 

Dissolve one or two grains of sulphate of magne- 
sia in a test tube full of distilled water, and add to it 
a few grains of oxalate of ammonia ; the solution will 
not become turbid. This experiment shows that mag- 
nesia does not form a salt of so difficult a solution as 
lime does with oxalic acid, and that, consequently, 
the presence of magnesia is no material obstacle to 
the detection of lime by means of this test. If again 
a few grains or more of sulphate of magnesia are 
added to the before mentioned quantity of water, 
and if to this several grains of oxalate of ammonia 
are added, the solution even then does not become 
turbid, although it be suffered to stand for some days. 

XL. PRUSSIATE OF POTASH. 

This is one of the most important tests ever disco- 
vered, because it has the valuable property of form- 
ing a precipitate with all metallic solutions, except 
those of platina, gold, antimony, tellurium, iridium, 
rhodium, and osmium 5 and from the colour of the 
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precipitate the particular metal may in many cases 
be inferred, and its quantity ascertained by easy 
means. It is chiefly used for detecting iron. If this 
metal exists in a state of high oxidizement in any 
fluid, it produces, with this test, a Prussian blue 
precipitate ; and when in a low state of oxigenation, 
the precipitate is white ; but even then it very rapid- 
ly assumes a blue colour on mere exposure to the 
air. Copper is precipitated brown ; zinc and tin af- 
ford a white gelatinous precipitate ; and cobalt a dis- 
tinct olive green one. Bismuth gives with it a yellow 
precipitate. It is not affected by any of the earths. 
It is a very useful test for the analysis of mineral wa- 
ters. If a mineral water, taken fresh from the spring, 
affords a blue precipitate with prussiate of potash, but 
not after having been concentrated by boiling, it may 
be inferred that the iron is present in the water, in 
combination with carbonic acid. And if the test con- 
tinues to strike a blue colour with the boiled or con- 
centrated water, the acid which held the iron in so- 
lution is a mineral acid, the nature of which may 
be readily discovered by the appropriate tests for 
acids ; namely, by the salts of barytes (page 152, 
153), or those of silver, (page 77.) 

It is stated by some authors, that alumine is also 
precipitated by prussiate of potash : such a statement 
is erroneous. The error has arisen from the applica- 
tion of an impure test; and many of the contradic- 
tory results of mineralogical analysis, by different 
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chemists, are probably to be ascribed to a similar 
cause ; but with barytes this test produces a chrystaU 
line salt, and this peculiar character which the test 
presents was regarded as in some measure assimila- 
ting barytes with the metals, the solutions of which 
are so generally precipitated by this test. Meyer and 
Klaproth observed, however, that no such precipita- 
tion from the solutions of barytes takes place imme- 
diately, unless when the prussiate employed is con- 
taminated with a sulphate, from which it is difficult 
to obtain it free. Dr. Henry has shown, that, although 
no immediate precipitate is formed on the addition 
of prussiate of potash to a barytic salt, when the 
prussiate is pure, yet in a few hours small crystals 
are deposited from the liquor; but these crystals 
consist of prussiate of barytes, which proves that the 
salts have, in part at least, exchanged their princi- 
ples ; and this, as Guyton has remarked, is not pe- 
culiar to this earth ; a similar exchange happens with 
the salts of other earths and alcalies. Dr. Henry ob- 
serves, likewise, that the same crystals are formed 
from barytic water added to the prussiate. 

EXPERIMENT CXXXVII. 

To three or four ounces of distilled water impreg- 
nated with carbonic acid gas, or common seltzer wa- 
ter, add a few iron filings, or iron wire, and let it 
stand in a corked phial for three or four days, occa- 
sionally shaking the mixture, and then filter the so- 
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lution, which will be an artificial chalybeate aerated 
water. To one half of it add a grain or two of prus- 
siate of potash ; the liquid will become blue, and 
some time after a blue precipitate will be deposed. 

EXPERIMENT CXXXVIII. 

Evaporate the other half of the chalybeate aerated 
water, obtained in Experiment CXXXVII. to one 
half of its bulk, a brown powder, or sub-carbonate of 
iron, will fall down. When the water has become 
cold, filter it, and assay it again with prussiate of 
potash, which will now produce no effect ; because 
the excess of carbonic acid, which held the iron in 
solution, is volatilized, and the iron, thus reduced to 
a sub-carbonate of iron, is no longer soluble in the 
water. 

EXPERIMENT CXXXIX. 

Shake two or three ounces of distilled water, with 
thirty or forty grains of iron filings, and five or six 
drops of sulphuric acid, for a few minutes ; let the 
mixture stand for a day or two, and decant or filter 
it, (or dissolve a few grains of sulphate of iron in 
half a wine glass full of distilled water :) to one half 
of this clear solution add a few drops of a solution 
of prussiate of potash, and a blue precipitate will be 

formed. 

If the other half of the fluid be evaporated a little, 
and the same test be added to it, a blue precipitate 
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will nevertheless be produced; because the iron is 
held in solution by a mineral or fixed acid, which 
cannot be volatilized by heat. 

EXPERIMENT CXL. 

Put into one wine glass, half filled with distilled 
water, a few grains of prussiate of potash, and in 
another glass, containing a like quantity of distilled 
water, dissolve a grain of green sulphate of iron ; 
pour the solutions together when the salts are dis- 
solved, and an olive green precipitate will be pro- 
duced, which will speedily acquire a blue colour. 

The effect of a sympathetic ink may be obtained 
by means of this re-agent ; namely, writings made 
on paper with a dilute solution of sulphate of iron, 
when dry, are invisible ; but by passing a feather or 
sponge, wetted with a solution of prussiate of pot- 
ash, over the characters, the letters will become visi- 
ble, and appear of a blue colour. The experiment 
may be reversed, by writing with prussiate of pot- 
ash, and rendering the characters visible by sulphate . 
of iron. 

EXPERIMENT CXLI. 

Dissolve about one drachm of green sulphate of 
iron in two ounces of water ; add to the solution one 
or two drachms of clean (not rusty) iron filings ; boil 
the mixture briskly for about five minutes, and filtre 
the fluid. Add a drop of this solution to a test tube 
lull of water, and let fall into the liquor, also, a few 
(14) 
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drops of a solution of prussiate of potash, and then 
cork the tube immediately. A copious white precipi- 
tate will fall down, which is white prussiate of iron, 
and which soon becomes green ; but if the tube re- 
mains corked, the white colour does not deepen nor 
alter by exposure to light. 

The iron in this solution is at a minimum of oxi- 
disement, by being digested with metallic iron ; it 
yields therefore a white precipitate with prussiate of 
potash. 

EXPERIMENT CXLII. 

Add a few drops of nitric acid to the solution of 
sulphate of iron prepared in experiment CXLI, and 
again test it with prussiate of potash ; it will now 
produce prussian blue, because the iron having re- 
ceived oxigen from the nitric acid, and being higher 
oxidated, yields a blue precipitate with this test. 

EXPERIMENT CXLIII. 

Dissolve a grain of prussiate of potash in half a 
test tube full of distilled water, and add to the solu- 
tion a drop or two of a solution of sulphate of cop- 
per : a brown precipitate (prussiate of copper) will 
immediately be produced. 

EXPERIMENT CXLIV. 

Put a grain of sulphate of zinc (white vitriol) into a 
test tube full of distilled water, and add to the solution 
a few drops of prussiate of potash, a gelatinous white 
precipitate (prussiate of zinc) will fall to the bottom 
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— which again becomes dissolved by the addition of 
liquid ammonia. 

EXPERIMENT CXLV. 

Add a few drops of the solution of sub-muriate of 
tin to a test tube full of distilled water, and let fall 
into the mixture a few drops of prussiate of potash ; 
a very dense white gelatinous precipitate (as in ex- 
periment CXLV.) will be produced, which does not 
become re-dissolved by the addition of liquid am- 
monia ; it is prussiate of tin. 

EXPERIMENT CXLVI. 

Let fall a few drops of the solution of nitrate of 
cobalt into half a wine glass full of distilled water, 
and add prussiate of potash to the mixture ; a pale 
olive green precipitate (prussiate of cobalt) will be 
produced. 

EXPERIMENT CXLVII. 

Add to half a test tube full of distilled water two 
or three drops of a solution of muriate of bismuth, 
previously mixed with a little muriatic acid (to pre- 
vent the muriate of bismuth from being decomposed 
by the water) and drop into the mixture prussiate of 
potash j a sulphur yellow precipitate, or prussiate of 
bismuth, will be produced. 

EXPERIMENT CXLVIII. 

Let three test tubes be half filled with distilled 
water; put into the first a drop or two of muriate of 



148 A PRACTICAL ESSAY 

platina; into the second put a like quantity of muriate 
of gold ; and into the third a solution of super-tar- 
trite of potash and antimony. If, to either of these so- 
lutions, prussiate of potash be added, no change will 
take place, because the metals which form the bases 
of these salts are some of those which are not preci- 
pitable by this re-agent. 

EXPERIMENT CXLIX. 

Arrange three separate wine glasses, half filled 
with distilled water ; pour a few drops of a solution 
of sulphate of magnesia into the first glass ; add mu- 
riate of lime to the second, and a solution of alum to 
the third glass. If prussiate of potash be added to 
these solutions, no change will take place, because 
none of the earths contained in these salts are precipi- 
table by prussiate of potash. 

In using prussiate of potash for detecting the quan- 
tity of iron in a fluid, when no other metal is present, 
it requires considerable caution to attain accurate re- 
sults. The prussiate should on all occasions be pre- 
viously crystallized, and the quantity of oxide of iron 
essential to its constitution, or at least an invariable 
accompaniment, should be previously ascertained, 
which may be done in the following manner : ex- 
pose a known weight of the crystallized salt to a 
low red heat in a silver crucible, by which means the 
prussic acid becomes destroyed, and the potash and 
oxide of iron is left behind ; wash off the soluble 
part with distilled water; collect the rest on a filtre ; 
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dry it, and again calcine it with a little wax, and let 
it be again weighed : the result shows the proportion 
of oxide of iron contained in the salt. This varies 
from 22 to 30 per cent. ; when the quantity of iron 
is greater, the test is unfit for use, because it depo- 
sits Prussian blue by the contact of acids. When 
the test is therefore employed for discovering the 
quantity of iron contained in any liquid, let a known 
weight of the salt be dissolved in a given quantity of 
water ; add the solution gradually, and observe how 
much is expended in effecting the precipitation, and, 
before collecting the precipitate, warm the liquid, 
which generally throws down a further portion of 
Prussian blue. Let the whole be washed and dried, 
and then ignite the residue with wax. From the 
weight of the oxide, thus obtained, deduct the quan- 
tity of iron, which, by the former experiment, is 
known to belong to the prussiate which has been 
added, and the remainder denotes the quantity of ox- 
ide of iron present in the liquor under examination. 
On account, however, of the great difficulty of pre- 
paring this test with a constant or uniform portion of 
iron, it is seldom employed (but it certainly may) for 
ascertaining the quantity of iron in solutions ; but 
only its presence. 

Prussiate of potash, when in solution and kept ex- 
i posed to the light for some time, becomes partly de- 
composed, and hence it should be preserved in an 
opake bottle. It is difficult to explain this change, 

14-2 
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XLI. PRUSSIATE OF AMMONIA. 

This re-agent is of use only in the analysis of sa- 
line substances. It may happen, for example, that a 
fluid contains neutral salts with alcaline bases, toge- 
ther with metallic salts. In this case, prussiate 
of potash cannot be well applied to separate the 
metallic salts ; because it then would be difficult 
to ascertain whether the alcaline salts were origi- 
nally present in the solution or not. But if prus- 
siate of ammonia be employed, no ambiguity can re- 
sult. For the metallic salts need only be precipita- 
ted by this test, and the earths by carbonate of am- 
monia, in a temperature of 180° or upwards, in or- 
der to ensure the decomposition of magnesian salts, 
which this carbonate does not effect in the cold. The 
liquor may then be separated by filtration, and boil- 
ed to dryness, and the dry mass exposed to such a 
heat ar, is sufficient to expel the ammoniacal salts. 
This application of heat will drive off, also, any ex- 
cess of the ammoniacal carbonate, which might have 
retained in solution either yttria, glucine, or zircon. 
The alcaline salts maybe separated from these earths, 
by boiling the mixture in water, and filtering and 
evaporating it. The salts with bases of fixed alca- 
lies will remain unvolatilized. By this process, in- 
deed, it will be impossible to ascertain whether am- 
moniacal salts were originally present ; but this may 
be easily learned, by adding to the salt under exami- 
nation, before its solution in water, potash, which, if 
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ammonia be contained in the salt, will produce the 
peculiar smell of that alcali. 

XLII. PRUSSIATE OF MERCURY. 

This combination of prussic acid with mercury is 
a delicate test for palladium, which it separates in 
the form of a yellowish white precipitate (prussiate 
of palladium) from all its solutions — the solution of 
palladium should be neutral. The precipitate thus 
formed has the property of detonating, when heated. 
The noise is similar to that occasioned by firing an 
equal quantity of gunpowder : and accordingly the 
explosion is attended with no marks of violence, un- 
less occasioned by close confinement. The heat re- 
quisite for the purpose is barely sufficient to melt bis- 
muth, and the light produced is feeble, and can be 
seen only in the absence of all other light. By means 
of this re-agent, Dr. Wollaston has pointed out a me- 
thod of obtaining palladium with facility from the ore 
of platina. The process is as follows : let any quan- 
tity of platina of commerce be dissolved in a sufficient 
quantity of nitro-muriatic acid, and free the solution 
as much as possible of its excess of acid (if it con- 
tains any) by evaporation, or by the addition of an 
alcali. This being done, mingle the solution with 
prussiate of mercury, until no farther cloudiness en- 
sues, taking care to leave the mixture to stand for 
some minutes. The yellowish-white precipitate, 
which is then deposited, is prussiate of palladium. 
To obtain the palladium in a pure state, let the pre- 
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cipitate be heated to redness, and palladium will be 
obtained in a state of purity, amounting to about four 
or five tenths per cent, upon the quantity of the ore 
of platina employed. It is no matter whether the so- 
lution of the ore of platina has been rendered neutral by 
evaporation of the redundant acid, or saturated by the 
admixture of potash, of soda, or ammonia, by lime 
or magnesia, by mercury, by copper, or by iron ; or 
whether the platina has, or has not, been precipitated 
from the solution by muriate of ammonia. The prus- 
siate of mercury acts equally well in either case : for 
prussiate of mercury Dr. Wollaston found peculiarly 
adapted to precipitate palladium, exclusively of all 
other metals, on account of the great affinity of mer- 
cury for the prussic acid, which in this case prevents 
the precipitation of iron or copper. The decompo- 
sition of muriate of palladium by prussiate of mer- 
cury, Dr. Wollaston observes, is not effected solely 
by the superior affinity of mercury for muriatic acid, 
but is assisted also by the greater affinity of prussic 
acid for palladium ; for he observed that prussiate of 
palladium may be formed by boiling oxide of palla- 
dium in a solution of prussiate of mercury. 

XLIII. BARYTIC WATER 

Is a very effectual test for detecting the presence 
of free or combined carbonic acid, with which it 
forms a precipitate, which is soluble with efferves- 
cence in dilute nitric or muriatic acid ; it is also a 
most sensible test of sulphuric acid, and all its com- 



ON CHEMICAL TESTS. 153 

binations, which it indicates by a precipitate, which 
is not soluble in water nor in dilute muriatic or ni- 
tric acid. 

Barytic water may likewise be employed for sepa- 
rating strontia from barytes ; this operation is found- 
ed on the stronger affinity of barytes than of the for- 
mer earth for acids. Hence, if barytes and strontia 
be present in the same solution, barytic water may 
be added till no further precipitate falls down ; the 
barytes seizes the acid, and the strontia becomes 
precipitated. The solution of strontia should have 
no excess of acid, which would prevent the action of 
the barytic earth. 

EXPERIMENT CL. 

Drop barytic water into water impregnated with 
carbonic acid gas ; a copious white precipitate, which 
is carbonate of barytes, will fall down. Add nitric 
or muriatic acid to the mixture, and the precipitate 
will become re-dissolved. 

EXPERIMENT CLI. 

Blow the air respired from the lungs through bary- 
tic water, by means of a quill or glass tube ; a white 
precipitate (carbonate of barytes) will fall down, ori- 
ginating from the carbonic acid gas contained in the 
air respired from the lungs. See page 32 and 92. 

EXPERIMENT CLII. 

Pour some barytic water from one glass vessel in- 
to another repeatedly ; it will speedily become tur- 
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bid, and a white precipitate will fall down; this 
shows that carbonic acid gas is contained in the at- 
mosphere, which, combining with the dissolved ba- 
rytes, forms carbonate of barytes. Hence, also, if 
barytic water be left exposed to the common air, it 
will soon be covered with a thin white pellicle, 
which, when broken, will fall to the bottom of the 
vessel, and be succeeded by another ; and this may 
be continued, till the whole of the barytes is separa- 
ted from the water. 

EXPERIMENT CLIII. 

Let fall a single drop of sulphuric acid into a tum- 
bler full of distilled water, no alteration will follow ; 
but if a little barytic water be added, a white preci- 
pitate, or sulphate of barytes, will immediately be 
produced, which is not soluble in any dilute acid. 

EXPERIMENT CLIV. 

Drop barytic water into a decanter full of common 
spring or pump water ; an immediate cloudiness will 
ensue, and a white precipitate will gradually fall 
down, which likewise does not disappear again, (Ex- 
periment CLVI,") by the admixture of dilute muri- 
atic or nitric acid ; because spring or well waters al- 
ways contain a minute quantity of sulphate of lime, 
or other salts containing sulphuric acid ; and this 
acid joins the barytes, and produces the white inso- 
luble precipitate, or sulphate of barytes. 
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EXPERIMENT CLV. 

To a solution of a few grains of sub-carbonate of 
potash, or of soda, in half a wine glass full of distill- 
ed water, add barytic water, which will immediately 
produce a turbidness ; because the barytes separates 
the carbonic acid from the sub-carbonated alcali, and 
falls down with it in the state of a carbonate of ba- 
rytes. By adding a sufficient quantity of the solution 
of barytes, the whole of the carbonic acid may thus 
be taken away from a carbonated alcali, and the al- 
cali remains perfectly pure, or at least free from car- 
bonic and sulphuric acid. 

This re-agent may also be employed for purifying- 
rain water, so as to render it fit for chemical re- 
searches. Rain water collected from the roofs of 
houses, not the first water which is directly received 
from the gutters at the commencement of a shower, 
but that which descends after the rain has sufficiently 
washed the surface of the tiles, contains seldom any 
other impurities than a minute portion of sulphate of 
lime, and a small quantity of earthy matter mecha- 
nically suspended. The latter may be moved by im- 
mediate filtration, and the former by carefully adding 
to it barytic water. This will remove the sulphuric 
acid, and fall down with it as an insoluble precipi- 
tate ; the lime which remains partly dissolved after- 
wards likewise falls down, by absorbing carbonic 
acid gas from the atmosphere ; or it may be preci- 
pitated, by adding to the water a portion of water 
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impregnated with carbonic acid gas, and which will 
also destroy any excess of barytic water, if part 
should have been added in excess. In this man- 
ner the water necessary for chemical experiments 
may be economically supplied, without much trou- 
ble, and almost at no expense. 

Barytic water soon spoils by the frequent opening 
of the bottle containing it ; but it may be readily pre- 
pared, by dissolving a small quantity of barytic earth, 
or hydrate of barytes, in distilled water. 

XLIV. MURIATE OF BARYTES. 

This salt is extremely well adapted for discovering 
the presence of sulphuric acid, either when in a disen- 
gaged state, or when combined with other substances. 
It produces with sulphuric acid (like barytic water) 
a white precipitate, which requires for its solution 
43,000 times its weight of water, and which is also 
perfectly insoluble in all acids, except the most con- 
centrated ; hence the precipitate obtained by this 
test may be collected, washed, and dried, with the 
greatest facility, and without risk of loss ; it is free 
from smell and taste, and undergoes no change by 
being heated red hot, without addition, except the 
loss of water which it may contain. In a very strong- 
fire, or before the blowpipe flame, it melts into an 
opake milky globule. From the quantity of the pre- 
cipitate produced by this re-agent, we may learn the 
quantity of sulphuric acid which the test has separa- 
ted from the solution ; for 100 parts of the precipi- 
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tate, after being calcined, contain very nearly two- 
thirds of barytes, and one-third of acid, or 66.6 per 
cent, of the former, and 33.3 of the latter. Dr. Wol- 
laston assumes 66 parts of barytes, and 34 of sulphu- 
ric acid ; Berzelius, 65.69 of barytes, and 34.31 
of acid. This test, which forms one of the most im- 
portant instruments in analysis, is also decomposed 
(like barytic water) by carbonated alcalies ; but the 
precipitate is then soluble in dilute muriatic or nitric 
acid ; and may be prevented, by adding to the solu- 
tion to be assayed a few drops of muriatic acid. Or 
if any excess of alcali has produced a precipitate of 
carbonate and sulphate of barytes, the two precipi- 
tates may easily be separated, by mere digestion in 
dilute muriatic acid, which removes the carbonate of 
barytes, and does not touch the sulphate. Concen- 
trated nitric acid also decomposes a concentrated so- 
lution of muriate of barytes ; the precipitate is crys- 
tallized nitrate of barytes ; this is owing to the more 
sparing solubility of the nitrate, than of the muriate 
of barytes in water. Hence, in this case, the preci- 
pitate is soluble in water, by which it may be easily 
distinguished from sulphate and carbonate of barytes. 
This decomposition of muriate of barytes was first 
noticed by Mr. Hume. It may serve to guard the 
young chemist against drawing false conclusions, 
particularly with regard to the examination of the 
purity of nitric acid, when examined by means of 
this test. 

(15) 
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EXPERIMENT CLVI. 

Fill two test tubes with distilled water, and let fall 
into one of them a drop of sulphuric acid, and into 
the other a few drops of muriate of barytes ; no 
change will take place in either of them ; but if only 
a little of the fluid containing the muriate of barytes 
be poured into the liquid containing the sulphuric 
acid, a copious white precipitate (sulphate of bary- 
tes) will take place, which will not become re-dis- 
solved by the admixture of dilute muriatic or nitric 
acid. 

EXPERIMENT CLVII. 

Put a grain of sulphate of soda (glauber's salts) 
into half a wine glass full of distilled water, and, 
when dissolved, add to the solution a few drops of 
muriate of barytes. The same appearance will be 
perceived as in Experiment CLVI. 

A like effect will take place, if the liquid holds 
alum, epsom salt, white vitriol, or any other sulphate, 
in solution. 

EXPERIMENT CLVIII. 

Dissolve a few grains of sub-carbonate of potash 
in a wine glass full of distilled water, and pour half 
the solution into another glass. Drop into one of the 
glasses a little muriate of barytes, a white precipi- 
tate will fall down (carbonate of barytes) which again 
disappears by the admixture of pure dilute muriatic 
or nitric acid. Drop into the other glass pure nitric 
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or muriatic acid, in sufficient quantity to saturate the 
sub-carbonate of potash which it contains, and then 
add to the mixture also muriate of barytes, which 
now will produce a precipitate, which is perfectly in- 
soluble in muriatic and nitric acid, because the free 
alcali being neutralized by the nitric acid, the preci- 
pitate produced by the test can only be occasioned 
by the presence of sulphuric acid. 

XLV. ACETATE OF BARYTES. 

This salt of barytes, the action of which as a test 
is similar to the preceding re-agent, is particularly 
well adapted for ascertaining the presence of sulphu- 
ric acid, when contained in vinegar, and in sulphu- 
reous acid. And although it may produce a white 
precipitate with genuine vinegar, on account of the 
malic, citric, or tartaric acid, which this fluid may 
contain, either in a free state, or combined with an 
alcaline base ; but the precipitate then produced may 
be discriminated from the precipitate produced by 
sulphuric acid, by merely exposing it to heat, in or- 
der to destroy the vegetable acid, so as to convert it 
into a sub-carbonated alcali. This being done, the 
residue will dissolve and effervesce with dilute acids. 
Whereas the precipitate produced by sulphuric acid, 
when similarly treated, remains virtually insoluble 
in dilute acids. This test may likewise be employed, 
with advantage, for readily ascertaining both the na- 
ture and quantity of alcalies and alcaline sulphates 
in fluids, when no other sulphates are present r in the 
manner to be stated presently. 
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EXPERIMENT CLIX. 

Add to vinegar a few drops of acetate of barytes ; 
a copious white precipitate will fall down ; collect 
' this precipitate, dry it, and expose it to the heat of 
the blowpipe flame on a slip of platina foil, till all the 
carbonaceous matter is burnt away, and the product 
has assumed a white or grey colour. Transfer the 
mass ; this is chiefly subcarbonate of potash, into a 
test tube, and pour upon it dilute muriatic or nitric 
acid ; this will instantly dissolve it with an effer- 
vescence, which therefore shows that the vinegar 
was free from sulphuric acid. 

EXPERIMENT CLX. 

Repeat the same experiment with a portion of vi- 
negar, to which a drop of sulphuric acid has been 
added. The precipitate obtained in this case, which 
is sulphate of barytes, after having been treated in 
the same manner with the blowpipe flame, will not 
be soluble in any dilute acid. 

EXPERIMENT CLXI. 

Dissolve a little sulphate of soda, or sulphate of 
potash, in distilled water, and pour into the solution 
acetate of barytes, a precipitate will take place, 
(which is sulphate of barytes) decant the supernatant 
fluid, evaporate it to dryness, and digest the residuum 
in alcohol ; it will dissolve. Evaporate the solution 
to dryness again, and the dry salt will deliquesce, if 
it be acetate of potash ; but effloresce, if it be acetate 
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of soda ; 1 76 grains of ignited sulphate of barytes in- 
dicate 100 of dry sulphate of soda; while 136.36 
grains of sulphate of barytes indicate 100 grains of 
dry sulphate of potash. The two alcalies, viz. pot- 
ash and soda, may thus be discriminated. See also 
muriate of platina, p. 106, and tartareous acid, p. 63. 

XLVI. NITRATE OF BARYTES. 

This is another salt of barytes, which acts in every 
respect like the combination of barytes with muri- 
atic acid. Instances, however, frequently occur in 
analytical operations, where the introduction of mu- 
riatic acid into the compound would render the ana- 
lysis embarrassing ; and in such cases, nitrate of ba- 
rytes is employed more successfully. It is of parti- 
cular use, also, to discover the alcalies, namely, pot- 
ash or soda, when in fossils, and to ascertain their 
quantities. See Manual of Analytical Mineralogy ', 
intended to facilitate the Analysis of minerals, by F, 
Accum, vol. II. p. 365. 

XLVII. MURIATE OF ALUMINE. 

This test has been recommended, by Mr. Kirwan, 
as indicative of carbonate of magnesia, when present 
in mineral waters, and which cannot, like carbonate 
of lime, be totally separated by ebullition, but remains 
till the whole liquid is evaporated. By adding mu- 
riate of alumine to the boiled water, a precipitate of 
carbonate of alumine is thrown down, if carbonate 
of magnesia be present ; but not otherwise > unless 
15-2 
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there be an excess of alcali, which may easily be 
neutralized by an acid. 

XL VIII. SUCCINATE OF AMMONIA. 

This test is recommended, by Klaproth, as an use- 
ful re-agent for detecting iron, and for readily ascer- 
taining its quantity when in a solution ; the iron, 
however, must be in the highest state of oxidation ; 
and in applying this test, it is necessary not to use 
more than is exactly sufficient for the purpose, be- 
cause an excess is liable to re-act on the precipitate. 
It produces with iron a brown precipitate. It is 
very useful to separate oxide of iron from oxide of 
manganese. 

EXPERIMENT CLXII. 

Put a few grains of green sulphate of iron into a 
test tube ; pour upon it five or six drops of nitric 
acid, and heat the mixture strongly over a lamp till 
a dry red mass is obtained. Re-dissolve this mass 
in distilled water; and, having filtered it, drop into it 
succinate of ammonia. The iron contained in the 
sulphate of iron, having become highly oxigenized 
by the action of the nitric acid, a brown flocculent 
precipitate (succinate of iron) will be obtained. This 
precipitate, when heated, first by itself, and after- 
wards with a little wax, at a low red heat, gives an 

oxide of iron, containing 70.5 per ent. of metal. 

The first heating decomposes the succinic acid, and 
the second reduces the metal to the state of a black 
oxide. 
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This succinate, however, precipitates also alumine, 
provided there be no considerable excess of acid in 
the aluminous solution. 

XLIX. SOLUTION OF STARCH. 

A solution of starch in water has of late received 
a place among the list of chemical re-agents, as a test 
for detecting iodine. Its action, as such, was first 
made known by professor Strohmeyer, of Gottingen. 
If a solution of starch be added to a liquid, contain- 
ing a veiy minute quantity of iodine in an uncombi- 
ned state, it produces, with it, an indigo blue colour, 
and a precipitate (ioduret of starch) of the same hue 
is slowly precipitated. The delicacy of this test is 
astonishingly great. It will indicate (according to 
Strohmeyer) 1 -450,000th part of iodine in a liquid. 
Hence iodine and starch are tests for each other, and 
have been successfully employed as such, by M. de 
Claubray, who detected, by means of starch, not only 
the presence of iodine, in the decoctions of the fucus 
saccharinus, but also its state of existence, or the man- 
ner in which this singular substance is combined, 
in the body of the several varieties of sea plants 
which have furnished it. The blue colour, produ- 
ced by the contact of iodine and dissolved starch, 
varies, according as either the one or the other of 
the substances predominates. When the two bodies 
are in due proportion, the colour is a pure intense in- 
digo blue ; but it is black, when iodine prevails, and 
of a reddish blue or violet colour, when starch is in 
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excess. When iodine is not present in the fluid, in 
a free or uncombined state, it is necessary to add to 
the solution a very minute portion of any acid, in 
order to disengage the iodine from its combination. 
Hence, if a solution of starch be dropt into a fluid 
containing hydriodic acid, or iodic acid, no change 
takes place ; but if an acid be added, so as to disen- 
gage the iodine, the starch then instantly shows the 
presence of this substance, by the indigo blue colour 
which it assumes. 

The compound of starch and iodine, or ioduret of 
starch, is soluble in dilute sulphuric acid, and the li- 
quor is of a fine blue colour; and, with concentrated 
sulphuric acid, a brown compound is obtained, which 
becomes also blue when diluted with water. 

L. SULPHATE OF SODA. 

Sulphate of soda, or sulphate of potash, may be 
employed for detecting the presence of lead, by vir- 
tue of one of the constituent parts of this salt ; name- 
ly, the sulphuric acid, combining with the oxide of 
lead, and forming with it a white precipitate (sul- 
phate of lead) which is insoluble in water, and in li- 
quid ammonia, but soluble in dilute nitric acid, when 
assisted by heat ; and which becomes blackened by 
water impregnated with sulphuretted hydrogen gas. 
These characters are sufficient to distinguish it at 
once, from sulphate of barytes, with which it might 
otherwise be confounded ; because, from what has 
been stated (page 156) this test must also produce a 
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white precipitate with all the salts of barytes and of 
strontia. Sulphate of soda, or sulphate of potash, is 
chiefly of use in such cases, where sulphuric acid, 
in an uncombined state, cannot be well applied, as is 
often the case in the analysis of mineral waters. Dr. 
T. Thomson considers this test " as the most une- 
quivocal re-agent of lead which we possess j" for, by 
means of it, he was enabled to detect in water the 
one millionth part of its weight of lead. (See Ana- 
lysis of the mineral -waters of Tunbridge Wells, by 
Dr. Scudamore, p. 57. 1816.) 

EXPERIMENT CLXIII. 

Let fall into a test tube full of distilled water sy 
drop of super-acetate of lead, and add to the mixture 
a few drops of a solution of sulphate of soda, or sul- 
phate of potash ; a dense white precipitate will fall 
down, which is sulphate of lead. Decant the super- 
natant fluid, pour upon the precipitate dilute nitric 
acid, and apply a gentle heat. The precipitate will 
again become re-dissolved. If water impregnated 
with sulphuretted hydrogen be added to it, it will 
become instantly blackened. 

LI. CARBONATE OF AMMONIA 

Is made use of in combination with phosphate of 
soda, for detecting and separating magnesia (see p. 88) 
from other earths, when combined with them in solu- 
tions. It is also employed for separating yttria, and 
glucine, from other earths ; both of which are solu- 
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ble in a solution of this salt. Copper is detected by 
this re-agent, by imparting to the fluid containing 
this metal a sapphire blue colour, (see page 131) and 
like the rest of the carbonated alcalies, it precipitates 
the solutions of earthy and metallic salts, and from 
the colour of this precipitate, the experienced opera- 
tor may in some cases form a notion of the nature of 
the precipitate obtained by means of this test. 

til. FLUATE OF AMMONIA. 

This salt has been recommended as a test for lime, 
with which it produces a white precipitate (fluate of 
lime.) But it is not discriminative, because it af- 
fects also the salts with a base of magnesia, yttria, 
glucine, and perhaps alumine ; its action upon the 
whole is much inferior to oxalate of ammonia, (page 
138.) 

LIII. ALCOHOL. 

Highly rectified alcohol is of particular use in the 
analysis of mineral waters. When added to a liquid 
in large quantities, it precipitates such saline bodies 
as are soluble in water and insoluble in alcohol. It 
is essential, however, that the saline fluid should be 
as concentrated as possible, and the quantity of alco- 
hol added should be, at least, double that of the bulk 
of the fluid on which it is intended to act. Thus 
sulphate of lime, or selenite, may be precipitated, by 
alcohol, from water, which contains this salt in the 
proportion of 1-1000, provided the specific gravity 
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of the alcohol is below .850. And alcaline sulphates 
may be precipitated, if the spirit is of a specific gravity 
equal to .817. Besides, as alcohol dissolves some 
of the substances often found in mineral waters, and 
does not touch others, it enables us to separate these 
into two classes. Alcohol is also employed for de 
tecting the adulterations of essential oils. 

EXPERIMENT CLXIV. 

Dissolve 30 or 40 grains of sulphate of magnesia 
in 1-4 or 1-2 oz. of distilled water ; put the solution 
into a test tube, and add to it two or three times its 
bulk of alcohol. The mixture will become turbid 
and by degrees minute crystals of sulphate of mag- 
nesia will be deposited at the bottom of the glass. 
If, instead of sulphate of magnesia, sulphate of soda, 
sulphate of potash, super-sulphate of alumine, or ni- 
trate of potash, be employed, the same effect will 
take place. 

EXPERIMENT CLXV. 

Mix about five grains of acetate of potash with 
any quantity of sulphate of potash ; put the mixture 
into a phial furnished with a stopper, and, after pour- 
ing some alcohol upon it, set the mixture in a warm 
place to digest for 24 hours. Decant the fluid from 
the insoluble residue, and evaporate it to dryness. 
The product will be the acetate of potash which was 
added to the spirit ; but the sulphate of potash will 
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not have been touched. In a similar manner differ- 
ent substances may frequently be separated from 
each other, by the mere action of alcohol. 

Thus the greatest number of mineral waters con- 
tain some earthy salts, with a fixed acid, which re- 
mains in combination after boiling down the water to 
dryness, and which acid is seldom any other than the 
sulphuric and muriatic ; and the earths, with which 
the acid is combined, are in general either lime or 
magnesia. Therefore only four earthy salts may be 
expected (not all together at once, for they would 
decompose each other) namely, sulphate of lime, 
muriate of lime, sulphate of magnesia, and muriate 
of magnesia. Now of these salts the sulphates are 
perfectly insoluble in alcohol, but the muriates are 
extremely soluble. This therefore affords a very 
convenient way of separating some of the salts. For 
this purpose, if we put the dry residue of the water 
in a phial, pour on it about five or six parts of al- 
cohol, and let the mixture remain for some hours, 
with frequent agitation, the alcoholic solution can 
contain only the muriates of lime and magnesia, pro- 
vided the alcohol has been highly rectified ; if not, 
it will also dissolve a little muriate of soda, if pre- 
sent. The residue, which is not dissolved by the 
alcohol, may contain the sulphates of lime and mag- 
nesia, of which the latter salt is easily soluble in wa- 
ter, but the former with great difficulty, unless as- 
sisted bv an acid. 
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EXPERIMENT CLXVI. 

As many of the volatile or essential oils are produ- 
ced but in small quantity, they are consequently high 
priced, and there is some temptation to adulterate 
them with fixed oils, to increase the quantity. It is 
therefore of considerable importance to be able to de- 
tect such frauds, which may be done in the following 
manner : — Mix a few drops of oil of almonds, or 
olives, with any essential oil ; for instance, with 
oil of lavender, and pour alcohol upon it. The oil 
of lavender will dissolve in the spirit, and the oil 
of almonds remain behind undissolved. Decant the 
alcoholic solution from the oil of almonds, and add 
distilled water to the former ; the water will unite 
with the alcohol, and by this means the essential oil 
of lavender will be separated. An additional exami- 
nation may be the following : let a single drop of 
the oil which is suspected fall on clean paper, and 
expose it to a gentle heat. If the oil be pure, the 
whole will become evaporated, and no trace or spot 
remain on the paper ; but if it has been mixed with 
a fixed oil, a greasy spot will remain behind. When 
essential or volatile, oils are adulterated with alco- 
hol, it is easily detected by mixing a little of the oi 
with water, which immediately produces a milkiness, 
by the abstraction of the alcohol from the oil, and its 
combination with the water. Volatile oils are fre- 
quently adulterated with oil of turpentine ; but this 
can only be detected by the peculiar odour of oil of 
(16) 
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turpentine, which continues for a longer time than the 
odour of the other volatile oils. 

LIV. SOLUTION OF SOAP. 

A solution of soap in alcohol is of some use as a 
test for ascertaining, what is vulgarly called, the 
hardness of waters ; because, when added to pure 
water, it produces no change, but when dropped into 
water loaded with earthy or metallic salts, it occa- 
sions a milkiness, and a flocculent precipitate is for- 
med. And from the degree of milkiness, and the 
quantity of the precipitate produced, some notion 
may be formed of the quality of the water, at least 
so far as regards its fitness for the purposes of wash- 
ing, dying, bleaching, boiling leguminous and cereal 
seeds, and other purposes of the culinary art and do- 
mestic economy, for which water as pure as possible 
ought to be employed. 

EXPERIMENT CLXVII. 

Into a test tube half filled with distilled water, 
pour a few drops of a solution of soap in spirit of 
wine, and no alteration will be produced. 

EXPERIMENT CLXVIII. 

To a like quantity of common pump or spring 
water add a few drops of solution of soap : a milki- 
ness will instandy ensue, and a flaky precipitate will 
be deposited, if the mixture be left undisturbed for 
some hours. The milkiness is owing to the presence 
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of earthy salts, which in pump water are usually 
sulphate and carbonate of lime ; the alcali of the soap 
leaves the oil, with which it was chemically combi- 
ned, and unites with the acid of the earthy bases of 
the salts which are present in the water : and the oil 
joins the earth, and produces with it an insoluble 
precipitate, or earthy soap. 

The action of this test is therefore not discrimina- 
tive, and it can serve only to indicate the presence 
or absence of those kinds of substances, which occa- 
sion that quality in water which is usually called 
hardness, and which is chiefly owing to salts with 
an earthy or metallic base. 

EXPERIMENT CLXIX. 

Having impregnated a small quantity of distilled 
water with carbonic acid gas, dissolve in it a few 
grains of white marble, or magnesia, and after the li- 
quid is poured off clear from the insoluble residue, 
add to it a few drops of the solution of soap, and in 
like manner a white curdy precipitate will be pro- 
duced. 

EXPERIMENT CLXX. 

Dissolve a few grains of sulphate of magnesia, or 
muriate of lime, or of alum, in half a wine glass full 
of distilled water, and add to the mixture a few drops 
of the solution of soap ; the fluid will become milky, 
and deposit a white flocculent precipitate. 

The same effect will be produced with any other 
earthy or metallic salt. 
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EXPERIMENT CLXXI. 

Mix a drop of a solution of sulphate of iron, or 
any other metallic salt, with half a wine glass full of 
distilled water, and add to it a few drops of a solu- 
tion of soap ; this will in like manner become tur- 
bid, and a great number of flakes will be deposited. 

LV. WINE TEST. 

This test is nothing else but water impregnated 
with sulphuretted hydrogen gas, combined with a 
small portion of muriatic, or any other weak acid. 
It is employed chiefly for readily distinguishing iron 
from lead in wine. By adding this test to wine, or 
any other liquid suspected to contain lead, the liquor, 
if iron only be present, will remain transparent, and 
no precipitate will be formed ; but if it contains the 
minutest portion of lead, the test will occasion a 
black muddy precipitate (which is sulphuret of 
lead ;) because the weak acid, combined with the sul- 
phuretted hydrogen, is not capable of dissolving sul- 
phuret of lead ; and this precipitate, when fused be- 
fore the blowpipe with a minute portion of lime or 
fine iron filings on a charcoal support, then yields a 
globule of metallic learl This test, however, is not 
discriminative; because iron dissolved in acetic, or in 
• any other vegetable acid, is also precipitated by it. 
It likewise yields a black precipitate, with solutions 
of iron in general, provided a minute portion of ace- 
tate of potash be added to the fluid, prior to the ad- 
dition of the test liquor. 



ON CHEMICAL TESTS. 173 

LVI. ZINC. 

Metallic zinc is chiefly employed as a re-agent for 
separating copper, lead, tin, silver, and tellurium 
in a metallic state, from their solutions in acids. It 
also precipitates lead, tin, copper, and tungsten, from 
their alcaline solutions ; but it is seldom employed 
for that purpose, because, we have better means 
(acids) of effecting the decomposition of these solu- 
tions. 

When zinc (and in fact any metal) is employed 
to separate another metal, in a metallic form, from 
its solution in an acid, it is essential that the fluid 
should have a very slight excess of free acid; for 
otherwise, a portion of the metal is thrown down, ei- 
ther in the state of an oxide or as an alloy. 

EXPERIMENT CLXXII. 

Add to a wine glass full of distilled water a small 
quantity of the solution of super-acetate of lead, mix- 
ed with a few drops of acetic or nitric acid, and im- 
merse into the fluid a slip or a piece of zinc. The 
lead contained in the solution will immediately be- 
come precipitated upon the zinc, in the form of a 
metallic and moss-like appearance, and of a dark 
bluish grey colour. 

EXPERIMENT CLXXIII. 

The precipitation of lead, which has been long- 
known by the name of the lead tree, may be here 
16-2 
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mentioned. It is accomplished in the following 
manner : — Into a quart decanter, nearly filled with 
soft or rain water, put 3-4 oz. of super-acetate of 
lead, (sugar of lead of commerce) reduced to pow- 
der ; shake the mixture, and suffer it to stand undis- 
turbed for two or three days ; then decant the clear 
fluid from the insoluble residue (if any;) reject the 
latter, and after having rinced the decanter with wa- 
ter, return into it the clear solution. If now a ball of 
zinc be suspended in the middle of the fluid, by tying 
it to a thread affixed to the stopper of the bottle, and 
the vessel be then set in a place where it cannot be 
disturbed, the zinc soon becomes covered with a 
moss-like substance of metallic lead, which increases 
gradually, and shoots out brilliant crystalline plates 
of metallic lead, which place themselves in a kind of 
symmetrical arrangement, somewhat resembling a 
tree or shrub. 

The zinc has a greater affinity than lead for oxi- 
gen ; it deprives the oxide of lead of it, which, being 
thus reduced to the metallic state, can no longer re- 
main in combination with the acetic acid, but be- 
comes precipitated upon the zinc. The theory of 
voltaic electricity has of late shown that this pheno- 
menon, (like all other metallic precipitations,) is the 
result of a voltaic action produced between the bo- 
dies brought into contact. Namely, when the preci- 
pitation of the metallic lead takes place on the surface 
of the zinc, voltaic electricity is evolved, in conse- 
quence of an easily oxidable metal coming into con- 
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tact, together with a fluid, with another metal, which 
is with more difficult oxidizable. A galvanic circle 
being thus formed, part of the water of the interposed 
fluid becomes decomposed ; one of its constituent 
parts, namely, the oxigen, becomes attracted by the 
metal positively electrified (the zinc) whilst its other 
constituent part, the hydrogen, is attracted by the 
metal negatively electrified, namely, the lead; it 
there acts in producing the further reduction, by ab- 
stracting oxigen from the metallic oxide dissolved in 
the acid, and the particles of the reduced metal are 
gradually deposited at that extremity ; and the ac- 
cretion of the metallic crystals taking place from the 
metallic filaments already formed, spread out and ar- 
range themselves somewhat like a shrub or tree. 

The theory of the reduction of other metallic pre- 
cipitates from their solutions is precisely analogous 
to this statement. 

EXPERIMENT CLXXIV. 

Immerse a bar, or a slip of laminated zinc, into a 
dilute solution of sulphate of copper, having an ex- 
cess of acid ; a precipitation of metallic copper will 
immediately take place, and the zinc will become in- 
crusted with a coat of copper. The copper may rea- 
dily be detached from the zinc ; it is advisable to di- 
gest it in muriatic acid, which will dissolve any zinc, 
if part of it should happen to adhere to the copper j 
and besides, unless there is a considerable excess of 
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acid in the solution, a portion of the copper is always 
precipitated as an oxide, and which is thus com- 
pletely removed by the muriatic acid. 

EXPERIMENT CLXXV. 

Add to half a wine glass full of distilled water 8 
or 10 grains of sub-muriate of tin, and immerse into 
this fluid a slip of zinc ; the tin will immediately be- 
come precipitated in a metallic state, surrounding the 
zinc in the form of a spangled moss-like coating. 

Mr. Silvester has recommended a galvanic circle, 
formed of zinc and gold, as an active agent for de- 
tecting corrosive sublimate, if applied in the follow- 
ing manner. 

EXPERIMENT CLXXVI. 

Let a piece of zinc wire, about three inches long, 
be twice bent at right angles, so as to resemble the 
Greek letter n, so that the two legs of this figure 
be distant about the diameter of a common wed- 
ding ring from each other, and let the two ends of 
the bent wire be afterwards tied to a ring of this de- 
scription. Then take a plate of glass, not less than 
three inches square ; lay it as nearly horizontal as 
possible, and on one side drop some sulphuric acid 
diluted with about six times its weight of water till 
it spreads to the size of a halfpenny. At a little 
distance from this, towards the other side, drop some 
of the solution, supposed to contain corrosive subli- 
mate, till the edges of the two liquids join together,. 
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and let the wire and ring, arranged as above stated, 
be placed in such a way that the wire may touch the 
acid, while the gold ring is in contact with the sus- 
pected liquid. If the minutest quantity of corrosive 
sublimate be present in the fluid, the ring in a few 
minutes will then become covered with metallic mer- 
cury, on the part which touches the liquid. In this 
manner the minutest quantity of mercury may be 
discovered, when present in any liquid. 

LVII. IRON. 

Polished iron wires, bars, or plates, are useful re- 
agents for precipitating copper in a metallic state 
from its solution in acids. Iron likewise precipitates 
antimony and tellurium in a metallic form from acid 
solutions. 

EXPERIMENT CLXXVII. 

Immerse the blade of a knife, a key, or any other 
piece of polished iron or steel, for a few seconds, in- 
to a solution of sulphate of copper, having a slight 
excess of sulphuric acid ; the knife, when withdrawn, 
will be covered with a coat of metallic copper. To 
obtain the copper in a pure state, the precipitated 
metal ought to be digested in dilute muriatic acid. 

LVIII. TIN. 

This metal is useful as a test for detecting the 
presence of gold, with the solutions of which it pro- 
duces a purple coloured precipitate. If a slip, or a 
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bar of tin, be immersed into a solution of muriate of 
gold, the surface of the tin becomes immediately co- 
vered with a deep purple coloured powder, which 
becomes gradually diffused through the whole fluid, 
and imparts to it the colour of red wine. The pow- 
der thus produced speedily subsides, and leaves the 
solution of gold colourless. This powder is simi- 
lar to the precipitate produced by sub-muriate of 
tin, and muriate of gold. See sub-muriate of tin, 
p. 129. 

EXPERIMENT CLXXVIII. 

Add to half a test tube full of distilled water a 
few drops of muriate of gold, and immerse into it a 
piece of tin, or a tin-wire. In a short time a violet 
or purple coloured precipitate will fall down ; which 
is a compound of gold and oxide of tin. See page 
129. 

LIX. COPPER 

Is used in analytical experiments, chiefly as an 
agent for separating silver in a metallic state from 
its solutions. When a bar or rod of this metal is 
immersed in a solution of silver in an acid, it be- 
comes superficially of a blackish colour, and after a 
while the silver is precipitated upon the copper in a 
metallic state. The whole of the silver is not how- 
ever separated by the copper, for the solution be- 
comes milky, on adding to it common salt or muri- 
atic acid. Still it is a very convenient way of reco- 
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vering the silver immediately in the metallic state. 
If the solution has no considerable excess of acid, 
the latter portion of silver, thus precipitated, contains 
a minute portion of copper ; but this may be preven- 
ted, by adding to the fluid a slight excess of nitric 
acid, or bringing the precipitate again into contact 
with a solution of nitrate of silver. 

This process is followed in the art of assaying, to 
recover the silver which has been alloyed with gold, 
and which, in the operation of parting, has been dis- 
solved by nitric acid ; plates of copper being put into 
the solution, so as to precipitate the silver. It is 
also frequently employed to obtain silver free from 
other metals with which it has been alloyed. 

EXPERIMENT CLXXIX. 

Add to half a wine glass full of distilled water five 
or ten drops of the solution of nitrate of silver, and 
immerse into it a bar or slip of copper. The silver 
will immediately be precipitated upon the surface of 
the copper in a brilliant metallic form. 

This experiment may be pleasingly varied in the 
following manner. 

EXPERIMENT CLXXX. 

Spread on a plate of glass a few drops of nitrate 
of silver diluted with double its quantity of distilled 
water ; place at the bottom of it, flat upon the glass, 
and in contact with the fluid, a copper wire, bent to 
any figure, and let the whole remain undisturbed in 
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an horizontal position. In a few hours a crystalliza- 
tion of metallic silver will make its appearance upon 
the glass next the piece of copper wire, and the ar- 
rangement of crystals will extend gradually, till the 
whole quantity of fluid is decomposed. 

LX. QUICKSILVER, AND SILVER LEAF. 

Both these metals are useful for discovering mi- 
nute portions of sulphuretted hydrogen gas, or sul- 
phurets in general, particularly when contained in 
mineral waters ; because the metallic brilliancy of 
these metals becomes destroyed, when they are suf- 
fered to be immersed in a fluid containing sulphur 
in a loose combination. 

EXPERIMENT CLXXXI. 

Fill a phial with water impregnated with sulphu- 
retted hydrogen gas, and add to it a few globules of 
mercury, free from dust, or a silver leaf ; in a short 
time the metal will lose its metallic splendor ; and 
its surface will become covered with a brown pellicle, 
which is a combination of sulphur with the metal. 

LXI. FLUXES FOR THE BLOWPIPE. 

The term flux is applied in chemistry to those 
substances which are added to minerals, metallic 
ores, or other bodies, to assist their fusion when ex- 
posed to the action of fire. Thus potash or soda, 
in a pure state, or as sub-carbonates, are fluxes for 
flint ? and all kinds of siliceous minerals ; because, 
when flint is mixed with these bodies in a proper 
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proportion, and heated, these alcalies cause it to 
melt, and the compound is a vitreous mass ; and bo- 
racic acid and borax are fluxes for clay and argilla- 
ceous minerals, &c. These bodies therefore act 
upon refractory substances in the dry xvay, as water, 
acids, and other liquids act (which are used to 
dissolve solids) in the humid way* The manner 
in which each mineral is affected when it is heat- 
ed with different fluxes, its fusion, more or less 
quick or slow, easy or difficult, or complete or 
incomplete, liquid or pasty, the kind of mass which 
results from it, opake, transparent, vitreous or ena- 
melled, scorified, or dense and compact, the co- 
lour which it principally affects, and which almost 
always depends on the nature and the proportion of 
the metallic matters which it contains — these form so 
many useful characters, employed by analytical mi- 
neralogists to discover and distinguish each species 
of the several compounds ; and when the external 
characters or the sensible properties do not suffice to 
determine with accuracy the kind or species, this ac- 
tion of the fluxes employed with the blowpipe is fre- 
quently very useful to that determination, by remo- 
ving doubts, destroying uncertainties, and explaining 
the general nature of the mineral. 

It may easily be imagined that the nature of the 
products will greatly vary, according to that of the 
flux which enters into combination with them : and, 
accordingly, fluxes are varied in experiments accord- 
ing to the object in view. 
(17) 
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The fluxes which are used for the blowpipe expe- 
riments, and in all the laboratory operations in gene- 
ral, are chiefly compound bodies belonging to the 
class of salts. One of the constituent parts of these 
bodies frequently acts chemically : thus the alcaline 
and earthy part of fluxes often combines with the 
acid which may be attached to a metallic oxide, and 
• which would prevent its reduction to the metallic 
state, if not separated ; whilst others again act 
merely mechanically. And further, many of the 
metals will retain their oxigen so forcibly, that the 
application of heat is totally incapable of expelling it, 
when the object is to obtain the metal. The addi- 
tion of inflammable matter becomes therefore expedi- 
ent, to carry off the oxigen in the form of gas. The 
oxide to be reduced is therefore mixed with a por- 
tion of inflammable matter ; and is then exposed to 
an intense heat ; and to obtain the reduced metal in a 
coherent mass, and not in small grains, a substance 
must be also present, which is capable of being rea- 
dily melted, and of allowing the metal to subside 
through it, so as to cause the particles to conglome- 
rate and to form a collected button, instead of scat- 
tered grains, which would otherwise happen. And 
it would be extremely laborious to collect together 
the minute particles, if they were not thus enabled 
to descend, and permitted to unite at the bottom of 
the crucible. The action of fluxes are, therefore, in 
general, both mechanical and chemical. 
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The fluxes which have obtained the general sanc- 
tion of chemists, on account of their extensive use, 
are, phosphate of soda (page 88) sub-borate of soda 
(page 129) andboracic acid (page 66) besides these, 
fluor spar, gypsum, sub-carbonate of soda, nitrate of 
potash, and glass, are occasionally employed in the 
blowpipe assay. These bodies are reduced to pow- 
der, and mixed up with the substances upon which 
they are to act. See pages 66, 88, 129. What is 
called xvhite Jlux is a mixture of a little potash with 
carbonate of potash, and is prepared by deflagrating 
together equal parts of nitrate of potash and supertar- 
trate of potash. When an oxide is at the same time 
to be reduced, the flux called black flux is to be pre- 
ferred, which is produced by the deflagration of two 
parts of supertartrate of potash, and one of nitrate of 
potash. It differs from the former only in contain- 
ing a little charcoal. Soap likewise promotes fu- 
sion, by being converted by the Are into carbonate of 
soda and charcoal, and therefore also acts as a flux, 
and is frequently employed as such in the labora- 
tory. 

LXII. BLOWPIPE, 

AND 

ITS APPLICATION. 

The blowpipe, in chemistry and mineralogy, is an 
instrument of the greatest utility. It enables us to 
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expose to the action of a most violent heat, any sub- 
stance we may meet with, in order to ascertain its ge- 
neral nature or qualities with regard to fire : every 
effect of the most intense heat of furnaces may in- 
stantly be produced by this instrument ; and with this 
advantage, that the process is expeditious, and under 
the inspection of the operator; whereas we can only 
conjecture what passes in the centre of a furnace, if 
the same experiment be made in the laboratory way. 
The most expensive materials, and the minutest 
quantity of bodies, may be used, and the whole pro- 
cess, instead of being carried on in an opake vessel, 
may instantly be varied under the eye of the obser- 
ver, and may be seen from beginning to end. In- 
deed, many advantages may thus be derived from 
the use of this simple and valuable instrument. Its 
smallness, which renders it suitable to the pocket, is 
no inconsiderable recommendation to "the travelling 
mineralogist. It is true, that very little can be de- 
termined in these miniature assays concerning the 
actual quantity of products ; but in most cases, a 
knowledge of the contents of any mineral substance 
is a great acquisition, which is thus obtained in a 
very short time, although the actual quantities of the 
products discovered are too minute, to enable the 
operator to ascertain their relative proportions. 

Thus, for example, if we meet with a species of 
clay, and wish to know whether it be fit or not for 
the piu-pose of making porcelain, the blowpipe assay 
will decide the question. Because, for the purpose 
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of making the finer kinds of pottery and porcelain, it 
is essential to have a clay, which, after burning, re- 
mains perfectly white. The appearance of these 
substances, before burning, can never be depended 
on : for though often the whitest clays, before bur- 
ning, are those which remain white afterwards, it is 
only in a few districts where clays are found that re- 
main absolutely white. And many white clays are 
to be found, which, when burnt, become more or less 
coloured, and again many black clays burn perfectly 
white. The nature of lime stone may readily be dis- 
criminated by means of this instrument. Lime stone, 
fit for making mortar and cement, does not melt by 
itself, but becomes more or less white after being 
violently heated by the blowpipe flame, and if suf- 
fered to cool, and then mixed with water, becomes 
hot. This proof is best made by putting the minute 
portion of the assayed stone on the outside of the 
hand, and letting fall on it a drop of water, when a 
quick heat will be felt on the skin. Silieious stones 
never melt alone, but form a glass with borax and 
soda ; argillaceous stones, when pure, do not melt, 
but become white, and acquire a flinty hardness. 
Fluor spar becomes phosphorescent, and melts into 
an opake white slag ; zeolites melt easily, and foam 
in the flame. 

And from the colour which the substances called 
fluxes acquire, much useful information may be 
drawn concerning the nature of the mineral under ex- 

17-2 
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amination. Thus, for example, gold imparts to bo- 
rax, and phosphate of soda, and boracic acid, a ruby 
colour. Silver tinges these fluxes orange yellow ; 
copper produces with the same fluxes a bluish green 
pearl; iron tinges them green, of different intensities 
and hues; tin produces a white, or greyish white 
opake enamel ; antimony affords a hyacinth coloured 
glass, and flies off partly in white fumes, and a 
white powder, or oxide of antimony, is deposited on 
the surface held near the fixed substance. Arsenic 
likewise diffuses white fumes, when heated on char- 
coal, and produces a garlic like odour ; cobalt stains 
a large quantity of borax intensely blue, and forms 
with it a blue glass. Oxide of manganese yields with 
the inner point, or the blue flame, a violet coloured 
head, which, with the interior part of the flame, 
become again colourless, and which may be made 
alternately to disappear and re-appear at pleasure. 
These successive changes of colour, which are pe- 
culiar to the oxide of manganese, may be shewn in 
the following manner. 

EXPERIMENT CLXXXII. 

Melt a small quantity of phosphate of soda, or 
glass of borax, with the blowpipe flame, upon a 
piece of charcoal, and add to it a very small portion 
of black oxide of manganese (melt the mixture toge- 
ther by the inner blue flame) the globule will assume 
a violet or purple colour. Then fuse it again, and 
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keep it in a melted state for a longer time, the effects 
of which will be, that the violet colour again vanish- 
es. This being effected, melt the colourless globule 
by the exterior flame of the blowpipe, and the purple 
colour will re-appear, but becomes, as before, again 
destroyed by a longer continuance of the heat. The 
smallest particle of nitre laid upon the globule also 
immediately restores the red colour. If the globule 
when colourless be now melted in a silver spoon, or 
on an iron plate, or any metallic support, instead of 
being on the charcoal, the violet colour returns, and 
will not be again removed by any continuance of 
heat, so long as it remains on the metallic support. 
Some minerals, when exposed to the blowpipe 
dart, are perfectly infusible by it; others melt with 
facility; some are partly volatilized, others burn 
with a flame of a peculiar colour ; in some the colour 
is changed at different temperatures, as in the oxide 
of manganese ; some fuse with intumescence : others 
decrepitate, or exfoliate, when urged by the flame, 
or lose their colour ; in some the fusion is partial ; 
sometimes the result is a kind of ashes or powder j 
in many cases it is a complete vitrious globule, trans- 
parent, or opake, or of various colours. Some af- 
ford a mere scoria or cinder, others produce an ena- 
mel, and some give a mere frit. All these grada- 
tions of phenomena are so many means of discover- 
ing, and of estimating the differences particularly of 
earthy minerals, and they contribute also to the know- 
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ledge and the determination of the particular species 
of the individual which afford it. - 

It requires a little art to keep up an uninterrupted 
blast of the blowpipe with the mouth, which is not 
easily described, but may readily be acquired by 
practice. The act of breathing must be carried on 
through the nostrils without interruption, and the 
stress of blowing must be performed merely by the 
compression of the checks upon the air in the mouth. 
Beginners blow generally too strong, which obliges 
them to take breath very often. The whole art con- 
sists in inspiring the air through the nostrils, whilst 
the air contained in the mouth is forced out through 
the blowpipe, so that the action of the nostrils, lungs, 
and mouth, resemble the action of double bellows ; 
and to accomplish this object, there is no necessity 
of blowing violently; but only with a moderate and 
equable force, and then the breath can never fail the 
operator. This art of blowing properly is by some 
acquired in an instant, while others are a long time 
in making themselves masters of it. To those who 
experience any difficulty in the free use of the blow- 
pipe, the following directions may be of service. 
First, let the learner accustom himself to breathe 
freely with the mouth shut ; then, in making an ex- 
piration, let him transfer the air into the mouth, till 
the cheeks are moderately inflated, and retaining it 
there, let him discharge the surplus of the expiration 
through the nostrils, and then make two or three ea- 
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sy inspirations and expirations through the nostrils, 
without allowing the air in the mouth to escape. — ■ 
When practice has rendered this easy, which may 
be effected in half an hour, let the nozle with the 
smallest aperture be fixed on the jet tube of the blow- 
pipe, and introduce the mouth piece within the lips ; 
then inflate the cheeks by an expiration, and continue 
breathing easily through the nostrils, till nearly the 
whole of the air has passed out of the mouth through 
the tube ; then renew the air as before, and, after a 
few days practice, the muscles of the mouth will be 
accustomed to this new mode of exertion, and an 
uniform uninterrupted stream of air may be kept up 
for half an hour without any extraordinary fatigue. 
The best kind of flame for blowing through with 
the blowpipe is a thick wax or tallow candle, with a 
very large wick, which should be kept snuffed mo- 
derately low, and the wick turned a little aside 
from the pipe ; the spirit lamp may also be used ; 
it makes a perfectly clear flame without smoke, but 
weak in comparison to a thick wax candle ; al- 
though a wax candle is the most convenient, a 
thick tallow candle will do very well. The can- 
dle should be snuffed rather short, andkhe wick 
turned on one side towards the object, so that a part 
of it does lie horizontal. The stream of air must 
be blown along the horizontal part as near as may be 
without striking the wick. If the flame be ragged 
and irregular, it is a proof that the hole of the blow- 
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pipe nozle is not round or smooth ; and if the flame 
have a cavity through it, the aperture of the nozle 
pipe is too large. When the hole is of a proper fi- 
gure, and duly proportioned, the flame consists of a 
neat luminous blue dart or cone, surrounded by ano- 
ther flame of a more faint and indistinct appearance. 
Too great a flame does not easily yield to the blast, 
and too small a one produces a weak effect. 

In using the blowpipe, the following observations 
should be attended to. The end of the nozle pipe 
must be just entered into the flame, and the current 
of air will then throw out a cone or dart of flame 
from the opposite side. If it is well managed, this 
dart or cone will be very distinct and well defined. 
Care must be taken that the stream of air does not 
strike against any part of the wick, as it would then 
be disturbed, and split into several parts. The jet or 
blast of air must be delivered somewhat above the 
wick ; and as, unless the flame was considerable, 
there will not be sufficient for the stream of air to act 
upon, for this reason the wick is best to be opened, 
because it then exposes the largest surface, and pro- 
duces the greatest flame ; the stream of air from the 
pipe should then be directed through the channel or 
opening between the wick, so as to produce a cone the 
most perfect and brilliant, directed downwards, at an 
angle of about 45 degrees. 

Its intensity is different according to the different 
parts of the flame. The place where this intensity is 
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strongest is the extremity of the blue point of the 
flame. 

Every substance intended to be assayed with the 
blowpipe should be heated very gradually, the flame 
should be directed very slowly towards it in the be- 
ginning, not directly upon it, but somewhat above it, 
and so approaching nearer and nearer with the flame, 
until it becomes red hot. Whenever any mineral 
substance is to be tried, we do not immediately be- 
gin with the blowpipe, because minerals are not al- 
ways homogeneous, or of the same kind throughout, 
although they may appear to the eye to be so. A 
Magnifier is therefore necessary, to enable us to dis- 
cover the heterogeneous particles, if there be any ; 
and these ought to be separated, and every, part tried 
by itself, that the effects of two different things, ex- 
amined together, may not be attributed to one alone. 

The substance upon which the flame acts ought 
to be proportioned to the size of the flame to which 
it is exposed. If the aperture of the blowpipe is 
only of the diameter of a common pin, the substance 
ought not to be larger than a pepper corn. In order 
to support the substance, it may be laid upon a piece 
of close-grained well-burned charcoal, made of elm 
or poplar wood. A small shallow hole may be 
scooped out with a knife on the piece of charcoal, 
and the substance laid upon it. The charcoal itself 
kindles all round the hole, and the hole is thus gra- 
dually enlarged; and the heat too is kept up round 
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the substance much more uniformly than when a me- 
tal support is used. At the same time, however, 
the chemical effect produced by ignited charcoal 
should not be forgotten, particularly in the reduction 
of metallic oxides, and the deoxygenation of the fixed 
acids ; so that, for example, a small heap of oxide of 
copper, lead, or tin, heated red-hot on charcoal by 
the blowpipe, is speedily reduced to a metallic state ; 
hence also fragments of tin stone, (tin ore) common 
lead ore, or galena, ruby copper, &c. are easily redu- 
ced, when heated on a charcoal support. 

Very small and brittle substances are apt to be 
carried away by the current of flame from the piece 
of charcoal. These may be secured by making a 
deep cavity in the charcoal, into which "the substance 
is to be put, and covered with another small piece of 
charcoal, which partly protects it from the flame. — 
Some experiments of reductions are best made by 
binding two flat pieces of charcoal together, cutting a 
channel along the piece intended to be uppormost, 
and making a cavity in the middle of this channel, to 
contain the matter to be examined. With this con- 
trivance the flame may be urged through the chan- 
nel between the two pieces of charcoal, and thus vio- 
lently heats the substance in the cavity, which may 
be considered as in a closed furnace. 

Those bodies upon which charcoal acts chemically 
(but when intended to be exposed to the blowpipe 
flame, without suffering such changes to take place,) 
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may be placed in a small spoon, somewhat less than 
a quarter of an inch in diameter, made of gpld, silver, 
or platina. The spoon must of course be properly- 
fixed into a wooden handle. Silver or gold spoons 
are best adapted for fusions with alcaline fluxes, for 
which those made of platina are entirely unfit ; they 
have nevertheless the capital disadvantage, that they 
will only bear a dull red heat without risk of melt- 
ing : whereas spoons of platina are perfectly infusi- 
ble by the blowpipe flame. 

A small forceps, entirely made of platina, is also 
very convenient and useful for easily exposing frag- 
ments of stones to the dart of the blowpipe ; because 
these bodies may be held with them, and the forceps 
cannot be melted nor oxidated ; nor does it become 
too hot to be held by the fingers during trial, on ac- 
count of the bad conducting power of the metal of 
which it is fabricated. They are also convenient 
for handling or taking out from the melted fluxes 
the small bead of the product. 

Flattened platina wire is another very useful arti- 
cle for exposing fragments of infusible substances to 
the action of the blowpipe flame. The fragment 
may easily be secured between a piece of the wire 
bent round it, and may thus be firmly held in any -di- 
rection we chuse. 

Platina foil is likewise very serviceable for expo- 
sing to the flame of the blowpipe such substances as 
(18) 
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readily split, and are dispersed when heated by the 
blowpipe dart on charcoal, or when held by the for- 
ceps or placed in the spoon, or when secured between 
platina wire. Any substance, wrapped up in apiece 
of this foil, may readily be kept steady during trial, 
and hence it is best adapted for pulverulent substan- 
ces. Slender filaments of cyanite or of asbestos may 
also be employed occasionally. 

The best blowpipe for chemical and mineralogical 
purposes is the so called Pocket Blowpipe, invented 
by Mr. Pepys, which is sufficiently known, and 
does not require to be described. 

LXIII. WATER IMPREGNATED WITH 
CARBONIC ACID GAS, 

OR 

LIQUID CARBONIC ACID. 

As water impregnated with carbonic acid gas is 
one of the articles requisite for the performance of 
several of the experimenss exhibited in this treatise, 
(see pages 31, 33, 36, 40, 41, 46,47, 48, 53, 92, 
140, 153,) and as this article cannot be readily pro- 
cured on all occasions, we shall give a description of 
an extemporaneous apparatus, by which means this 
fluid may easily be prepared. 
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It consists of a common earthen ware basin (a 
wash-hand basin) across the rim of which is placed 
a wooden board, four or five inches wide, and about 
3-4 of an inch thick, having a slit, terminating in a 
hole, cut in the centre of the board, which hole serves 
to receive the inverted common quart bottle a, as 
shown in the drawing, b is a similar bottle, furnish- 
ed with a bent glass tube c, which connects the two 
bottles, and serves to convey the gas from the bottle 
a to b ; for one extremity of this tube passes air tight 
through the cork in the neck of the bottle 6, whilst 
the other end is inserted into the neck of the invert- 
ed bottle a. To impregnate water with carbonic 
acid gas, (or with any other gas which is not absor- 
bable by water) by means of this apparatus ; let the 
bottle a be filled with water, quite full, stop it with a 
cork, and invert it with its neck downward into the 
earthenware basin, also previously filled with water, 
and let it rest in the centre hole of the board, as re- 
presented in the design, and then withdraw the cork„ 
This being done, put some white marble, lime-stone, 
or common chalk, broken into pieces of the size of a 
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pea, into the bottle b, and pour upon it common mu- 
riatic acid diluted with two or three times its bulk 
of water. The carbonic acid gas, which becomes 
extricated by the action of the acid upon the marble, 
will pass through the bent glass tube c, and enter the 
bottle a, from which it expels the water, and the bot- 
tle thus becomes filled with carbonic acid gas. 
When this has been effected, cork the bottle in its 
inverted position, with its neck under the surface of 
the water ; and having next removed it out of the 
basin, pour into it about half a pint of distilled water, 
cork it again perfectly air tight, shake it for about 
three or four minutes, and then suffer it to stand for 
two or three hours, taking care to agitate it du- 
ring that time frequently. The water will thus 
become strongly impregnated with carbonic acid gas 
(or become converted into an artificial seltzer water ;) 
it will send forth a multitude of air bubbles when ex- 
posed to the air, and particularly when poured from 
one vessel into another, or when gently warmed. — 
The colder the water is, the more carbonic acid gas 
will be absorbed. 

It is obvious that a quantity of carbonic acid gas 
equal to the portion of water poured into the bottle 
is wasted ; but this is not an object, and this loss may 
even be avoided, by inverting the bottle filled with 
carbonic acid gas into a small cup containing distil- 
led water, and suffering it to stand for a few hours, 
or till a sufficient quantity of the water has as- 
cended into the bottle, and has become impregnated 
with the gas. 
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Instead of the glass tube c, a common gas or proof 
bottle of this shape 




may be used, which, in fact, is more convenient than 
the glass tube e. a is the body of the gas bottle, in- 
to the neck c of which is ground, air tight, the bent 
tube b, for conveying the gas into any inverted ves- 
sel. The bottom of the body a being made round, 
and of thin glass, will bear a moderate heat, without 
the risk of cracking. 

From marble may be obtained, in this way, from 
40 to 45 per cent, of its weight of carbonic acid gas, 
so that 100 grains will produce between 90 and 100 
cubic inches. 

LXIV. WATER IMPREGNATED 

WITH 

SULPHURETTED HYDROGEN GAS, 

OR 

LIQUID SULPHURETTED HYDROGEN. 

This fluid, which is not met with as an article of 
commerce, and which is likewise necessary for the 
18-2 
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performance of several experiments exhibited in this 
treatise {see pages 33, 34, 38, 86, 104, 114, 119, 120, 
121, 122, 172, 194) may easily be prepared for im- 
mediate use in the following manner : 

Put into the gas bottle, exhibited page 197, one 
part of sulphuret of antimony of commerce, broken 
into a coarse powder, and pour upon it 3 or 4 parts 
of common concentrated muriatic acid, and assist the 
action of the acid by a gentle heat of the spirit lamp, 
sulphuretted hydrogen gas will become disengaged 
from the materials, and which may be made to com- 
bine with distilled water, as directed above, for com- 
bining water with carbonic acid gas (p. 195.) It is 
advisable to let the first portion of the gas which be- 
comes liberated escape, because it is mingled with a 
portion of common air contained in the gas bottle. 

Instead of sulphuret of antimony, sub-sulphuret 
of iron may be used, (but the former substance yields 
the purest gas.) The sub-sulphurtt of iron may be 
put into the quart bottle b, and common muriatic acid 
diluted with half its bulk of water must be poured 
upon the sub-sulphuret. Sulphuretted hydrogen gas 
will be liberated in abundance, and may be made to 
combine with distilled water, in the manner stated. 
Distilled water takes up about 3-4 of its bulk of sul- 
phuretted hydrogen gas; and acquires from it a 
sweetish and very nauseous taste, and strong foetid 
odour, resembling the smell of putrid eggs, or a foul 
gun-barrel when wetted. The Harrogate and Mof- 
fat waters are natural solutions of sulphuretted hy- 
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drogen in water. The former contains no more than 
about one twelfth of its bulk of this gas. Water im- 
pregnated with sulphuretted hydrogen gas does not 
keep for a long time, even when preserved in corked 
bottles; because the hydrogen quits the sulphur, 
which then becomes precipitated in the form of a 
white powder. But for the performance of the ex- 
periments exhibited in this treatise, the water, when 
kept in a dark place or opaque and well corked bottle, 
retains a sufficient strength for two or three months. 
The sub-sulphuret of iron may be obtained by 
melting together in a covered crucible, for a few mi- 
nutes, three parts of iron filings, and one of flowers 
of sulphur ; or a crucible may be half filled with 
common iron pyrites, covered with half its weight of 
iron filings, and putting over this a layer of charcoal 
powder, and then exposing the whole to a dull red 
heat for half an hour. 
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Lime, test for, 52, 67, 138, 

140, 141 
■ hydrate 95 

i Muriate, use as a test, 116 
■ -water, use as a test, 89, 
90 — preparation of 95 

Lisbon, quantity of alcohol 
contained in it 108 

Litmus, Tincture, use as a 
test 30, 31, 32, 33, 34, 36, 
astonishing sensibility of it, 36 

paper, use as a test, 37, 38 

— preparation of it. 39 

— reddened by 

Vinegar, use as a test, 39, 



40, 41, 42 — preparation of it 

42 

Lunar Caustic, action as a 
test, 83 

Madeira, quantity of alcohol 
contained in different kinds 
of 108 

Magnesia, test for, 88, 89 

Munganese, test for, 61 — ac- 
tion of it on glass of borax, 
186 — how separated from 
oxide of iron 117 

Mercury, Salts of, test for 51 

— — — — — JYitrate, Sub, action 
as a test 75, 76 

Oxy-Muriate of. 

See Corrosive Sublimate. 71 

Mucous, animal, test for, 105, 110 

Muriates in general, testa of, 

52, 54, 77 

Muriate of Ammonia, action 
as a test 68 

of Alumine, action as a 

test 161 

of Barytes, action as a 

test 156, 157 

of Gold, action as a test 

114 

of Lead, how distin- 
guished from muriate of sil- 
ver 62 
■ of Lime, use as a test 116 

of Mercury corrosive, 

action as a test, 71, 72, 73 

of Platina, its action 

as a test 1 10 

of Tin, Sub, its action 

as a test 128, 130 

Muriatic acid, tests of, 52, 75, 

77, 86, 88 

Nickel, test for distinguishing 
it from copper, when dissol- 
ved in ammonia 131 

JVitrates in general, test for 52, 55 

JYitrate of Barytes, action as a 
test 160 

— — — Cobalt, action as a test 

98,99 

— — — Mercury, Sub, action 
as a test ?$ 
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Silver, action as a test 

77, 79, 80, 81, 83 



Nitric acid, see acid nitric 
Nitrogen, see azote. 



57 



Oils, volatile, mode of detec- 
ting their adulteration 160 
Osmium, test for, 124 
Oxalate of Ammonia, action 
as a test, 138 — precautions 
concerning its application, 

140, 141 
Oxalic acid, see acid oxalic. 67 
Oxygen gas, how detected 

when in waters 111 

Oxy-muriute of Mercury, see 
corrosive sublimate. 

Palladium, test for 151 

Paper, litmus, see litmus paper. 
Perry, quantity of spirit con- 
tained in it " 109 
Phosphate of Soda, use as a 

test and flux 88, 89, 90 
Phosphoric acid, test of 75 
Platina, test of 68 
Muriate oL see muri- 
ate of platina. 
— — — Forceps, use of 193 

Foil, use of it 194 

Spoon, use of it 172 

Potash, test for 63, 110, 111 

sidphate, use as a test 164 

Prus^iate, its use as a 

test 141 

Port Wine, quantity of alcohol 

contained in it 108 

Porter, quantity of alcohol in 

different kinds of it 109 

Prussiate of Ammonia, action 

as a test 1 50 

. of Mercury, use as a 

test 151 

— — Potash, its use as a 

test, 141, 144, 145, 146— 
precautions to be observed 
concerning this test 149 

Purple precipitate of Cassius 128 
Pump water, reason why it 
becomes turbid after boiling 

93, 170 



Quicksilver, action as a test, 180 
— how detected 176 

Radish, Scrapings, action as 
a test 38 

lie-agents, general nature and 
action of, 25, 26, &c. 

Resin, how detected and sepa- 
rated from gluten 67 

Rain water, method of render- 
ing it fit for chemical experi- 
ments 155 

Rum, strength of 108 

Seltzer water, preparation of, 195 
Silver, precipitation of, in a 

metallicstate, 178 — test for it, 67 
Acetate, see acetate of 

silver 86 
Nitrate, see nitrate of 

silver. 77 
Sulphate, see sulphate 

of silver 88 
Sub-nitrate, action as 

a test 1 80 

leaf use as a test 1 80 



Sot p, sohition of, action as a 
test 170, 171 

Soda, how discriminated from 
potash 110 

Phosphate, see phosphate 

of soda. 

Sulphate, see sulphate of 

soda. 

Sherry, quantity of alcohol 
contained in it 108 

Starch, test for it 57,163 

Steel, how distinguished from 
iron by a test 56 

Subboraie of soda, use as a flux 128 

Sublimate, Corrosive, muriate 
of 71 

Sub-acetate of Lead, see ace- 
tate of lead, sub. 

Super-acetate of lead, see ace- 
tate of per lead, sub. 

Sub-mvriate of Tin, its action 
as a test, 114,128,130,131 

Sub-nitrate of Mercury, action 
as a test 75 

Succinate of Ammonia, use as 
a test 162 
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Sulphate of Copper, action as 
a test 114,115 

Sulphate of Iron, its action as 
si test ■ 112 

— — "— — Lime, how separated 
from magnesia, &c. 134 

— — — Silver, use as a test 88 

Copper and Ammo- 
nia, action as a test 127 

— Soda, use as a test 164 

Sulphurets in general, how de- 
tected 101 

Sulphuretted hydrogen gas, 197 

tests for >6, 101, 103 

action as a test 119 
■ -water impregna- 

ted with it 119,197 

■ liquid, action as a 

test, 119 — preparation of it 195 

Sulphuric acid, see acid sul- 
phuric. 

Super acetate of Lead, its use 
as a test 99, 101 

— — — — Carbonate of Lime, 
hew detected 41 

Sympathetic Ink, see ink sym- 
pathetic. 

Tan, action as a test 96 

Tortureous acid, see acid tar- 

tareous. 
Tellurium, test for 124 

Tests, general nature and ac- 
tion of 25 
Test tubes, use of 31 
Tin, test for it, 114 — method 

of examining its purity 58 

Tin, JUuriute Sub of, use as a 

test 128 

Titanium, how separated from 

Manganese 68 

Tincture of Brazil-wood, use as 
a test, 44, 45 — precautions to 



be observed with regard to 
its application 45 

— of red Cabbage, ap- 
plication as a test, 43, 44— 
preparation of it 44 

— of Litmus, action as 

a test 30, 32, 33, 34, 35 36 

————— Galls, use as a test 

122, 123, 124 

Turmeric, action as 

a U st 47, 48, 49 

Turmeric, Tincture of. See 
Tincture of Turmeric 

— paper, action as a 

test 48, 49, 50 

rendered broivn by 

an alcali, use as a test 50 
root, use as a test 51 

Uric acid, test for it 58 

Vinegar, adulteration of it with 
sulphuric acid, how to be de- 
tected 159 

Violet fto-wer, paper stained 
with it, action as a test 38 

Water, how rendered fit for 
chemical experiments 155 
impregnated with car- 
bonic acid gas 194 

impregnated with sul- 
phuretted hydrogen gas, 197 
— use as a re-agent, 119 — 
preparation of it 194 
Seltzer 



Wine, quantity of spirit con- 
tained in different kinds of, 108 

Wine test, its action, 172 — is 
liable to mislead 172 

Zinc, its use as a re-agent 173 
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